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PART I: THE DECLARATION OF THE RECORD OF DECISION 

SITE NAME AND LOCATION 

The Sauget Area 2 Site .(Site) covers approximately 312 acres and 
is located within the corporate boundaries of Cahokia, East St. 
Louis, and Sauget, Illinois, in the flood plain bordering the 
eabt1rn edge of the Mississippi River. The Site is east of the 
Mississippi River and south of the MacArthur bridge railroad 
tracks (Figure 1-1). The Site is west of Route 3 (Mississippi 
Avenue) and north of Cargill Road. The Sauget Area 2 Site 
consists of five inactive disposal sites: Site 0, Site P, Site 
Q, Site R and Site S. 

The United States Environmental Protection Agency (EPA) 
identification number for Sauget Area 2 is ILD000605790. 

STATEMENT OF BASIS AND PURPOSE 

This Record of Decision (ROD) presents the selected interim 
groundwater remedy for the Sauget Area 2 site. This ROD has been 
developed in accordance with the requirements of the 
Comprehensive Environmental, Response, Compensation, and 
Liability Act (CERCLA) of 1980, 42' u.s.c. § 9601 et seq. as 
amended by the Superfund Amendments and Reauthorization Act of 
1986 (SARA), and, to the extent practicable, the National Oil and 
Hazardous Substance Pollution Contingency Plan (NCP), 40 CFR Part 
300. This decision selecting the interim groundwater remedy 
(Response Action) is based on the Administrative Record for the 
Sauget Area 2 Site. The Administrative Record Index (Appendix B 
to the ROD} identifies each of the items comprising the 
Administrative Record upon which the selection of the remedial 
action is based. 

The State of Illinois has indicated its intention to concur with 
the Selected Remedy. The Letter of Concurrence will be added to 
the Administrative Record upon receipt. 

ASSESSMENT OF THE SITE 

The response action selected in this ROD is necessary to protect 
the public health or welfare or the environment from actual or 
threatened releases of hazardous substances into the environment. 
Such releases or threat of releases may present an imminent and 
substantial endangerment to public health, welfare, or the 
environment. 

1 



Sauget Area 2: Record of Decision 

DESCRIPTION OF THE SELECTED REMEDY 

This interim remedial action for the Groundwater Operable Unit 
(OU-2) addresses the release of contaminated groundwater into the 
Mississippi River at the Sauget Area 2 site in the vicinity of 
disposal Site R. The selected remedy includes the installation 
of a 3,500 foot long, ''U"-shaped, fully penetrating, jet grout 
barrier wall to be installed between the downgradient boundary of 
Sauget Area 2 Site R and the Mississippi River (See Figure 9-1) 
to abate the release of impacted groundwater. Three partially 
penetrating groundwater recovery wells will be installed inside 
the "U"-shaped barrier wall to control groundwater moving to the 
wall. Groundwater quality, groundwater level, sediment and 
surface water monitoring will be used to ensure acceptable 
performance of the interim groundwater remedy. Extracted 
groundwater will be treated and ultimately released to the 
Mississippi River in compliance with all applicable or relevant 
and appropriate requirements (ARARs). 

Final groundwater and source area remedial actions will be 
addressed under the site-wide Operable Unit (OU-1) for the Sauget 
Area 2 Site upon completion of the Sauget Area 2 Remedial 
Investigation/Feasibility Study (RI/FS) in 2004. 

STATUTORY DETERMINATIONS 

This interim action is protective of human health and the 
environment in the short term and is intended to provide adequate 
protection until a final ROD for Sauget Area 2 is signed; 
complies with (or waives) those Federal and State requirements 
that are applicable or relevant and appropriate (ARARs) for this 
limited-scope action; and is cost-effective. Although this 
interim action is not intended to address fully the statutory 
mandate for permanence and treatment to the maximum extent 
practicable, this interim action does utilize treatment and thus 
is consistent with the statutory mandate. Because this action 
does not constitute the final remedy for the Sauget Area 2 
Groundwater Operable Unit, the statutory preference for remedies 
that employ treatment that reduces toxicity, mobility, or volume 
as a principal element~ although partially addressed in this 
remedy, will be addressed by the final response action. A final 
response action to fully address the threats posed by conditions 
at the Sauget Area 2 Site will be taken upon completion of the 
Sauget Area 2 Remedial Investigation/Feasibility Study (RI/FS) in 
2004. Operation of the physical barrier and groundwater 
extraction system will provide additional information to be used 
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in developing options for a final long-term comprehensive 
groundwater remedy. Because this remedy will result in hazardous 
substances remaining on-site above health-based levels, a review 
will be conducted to ensure that the remedy continues to provide 
adequate protection. Because this is an interim action ROD, 
review of this site and remedy will be ongoing as EPA continues 
to develop remedial alternatives for the Sauget Area 2 Site. 

ROD DATA CERTIFICATION CHECKLIST 

The following information is included in the Decision Summary 
section of this ROD. Additional information can be found in the 
Administrative Record for this site. 

• Chemicals of concern (COCs) and their respective 
concentrations (See Sections 7.1.1 and 7.2.3). 

• Baseline risk represented by the COCs (See Sections 7.1 
and 7. 2) . 

• Cleanup levels established for COCs and the basis for 
the levels (See Section 11.4). 

• Whether source materials constituting principal threats 
are found at the Site (See Section 4). 

• Current and future land and groundwater use assumptions 
used in the baseline risk assessment and ROD (See 
Section 6) . 

• Potential land and groundwater use that will be 
available at the site as a result of the Selected 
Remedy (See Sections 6 and 11.4). 

• Estimated capital, annual operation and maintenance 
(O&M), and total present worth costs; discount rate; 
and the number of years over which the remedy cost 
estimates are projected (See Section 11.3). 

• Key factor(s) that led to selecting the remedy (See 
Section 10 - Comparative Analysis of Alternatives). 
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AUTHORIZING SIGNATURE 

E. Muno, 1rector 
Superfund Division 
U.S. Environmental Protection Agency 
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PART II: DECISION SUMMARY 

1. SITE NAME, LOCATION, AND BRIEF DESCRIPTION 

The Sauget Area 2 Site covers approximately 312 acres and is 
located within the corporate boundaries of Cahokia, East St. 
Louis, and Sauget, Illinois, in the flood plain bordering the 
eastern edge of the Mississippi River. The Sauget Area 2 Site is 
east of the Mississippi River, south of the MacArthur bridge 
railroad tracks, west of Route 3 (Mississippi Avenue) and north 
of Cargill Road (Figure 1-1). The Sauget Area 2 Site consist of 
five inactive disposal sites: 

Site Former Use Municipality 

Site 0 Sewage Sludge Dewatering Village of Sauget 
Site p Municipal and Industrial Waste City of East St. Louis 

Disposal and Village of Sauget 
Site Q Municipal and Industrial Waste Village of Sauget and 

Disposal Village of Cahokia 
Site R Industrial Waste Disposal Village of Sauget 
Site s Chemical Reprocessing Waste Village of Sauget 

Disposal 

The above sites are located in an area historically used for 
heavy industry, including chemical manufacturing, metal refining, 
petroleum refining, and power generation and waste disposal. 
Currently the area is used for heavy industry, warehousing, bulk 
storage (coal, refined petroleum, lawn and garden products and 
grain), wastewater treatment, hazardous waste treatment, waste 
recycling and truck terminals. Four commercial establishments 
are located at the north end of the Site. No residences are 
located within the Site. Residential areas closest to Sauget 
Area 2 are approximately 3,000 feet east of Site P and about 
3,000 feet east of Site 0. These residential areas are located, 
respectively, in East St. Louis and Cahokia. The source of 
drinking water for area residents is an intake in the Mississippi 
River located approximately 3 miles upstream of the Site. 

EPA is the lead agency for this Site and the Illinois 
Environmental Protection Agency (!EPA) is the support agency 
involved. 
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2 . SITE HISTORY AND ENFORCEMENT ACTIVITIES 

2.1 SITE OPERATING HISTORY 

Sauget Area 2 c0nsists of five inactive disposal sites: Site 0, 
Site P, Site Q, Site R and Site S. The history of each of these 
disposal sites is described below. 

Site 0 - Site 0, located on Mobile Avenue in Sauget, Illinois, 
occupies approximately 20 acres of land to the northeast of the 
American Bottoms Regional Treatment Facility (ABRTF). An access 
road to the ABRTF runs through the middle of the site. In 1952, 
the Village of Sauget Waste Water Treatment Plant began operation 
at this location. In addition to providing treatment for the 
Village of Sauget, the plant treated effluent from the various 
Sauget industries. Site 0 consists of four closed lagoons 
constructed in 1965 at the Village of Sauget Wastewater Treatment 
Plant and placed in operation in.1966/1967. Between 1966/67 and 
approximately 1978, these lagoons were used to dispose of 
clarifier sludge from the wastewater treatment plant. In 1980, 
the Village of Sauget closed four clarifier sludge lagoons at 
Site 0 by stabilizing the sludge with lime and covering it with 
approximately two feet of clean, low-permeability soil. 
Currently, the lagoons are vegetated. 

Site P - Site P·, which is boundeq by the Illinois Central Gulf 
Railroad tracks, the Terminal Railroad Association tracks and 
Monsanto Avenue, occupies approximately 20 acres of land located 
in the City of East St. Louis and the Village of Sauget. 
Operated by Sauget and Company from 1973 to approximately 1984, 
Site P was an !EPA-permitted landfill, accepting general wastes, 
including diatomaceous-earth filter cake from Edwin Cooper and 
non-chemical wastes from Monsanto. 

Site Q - Site Q, a former subsurface and surface disposal area, 
occupies approximately 90 acres in the Villages of Sauget and 
Cahokia. T~is Site is divided by the Alton and Southern Railroad 
into a northern portion and a southern portion. The northern 
portion consists of approximately 65 acres bordered on the north 
by Site R and Monsanto Avenue. The northern portion is bordered 
on the south by the main track of the Alton and Southern Railroad 
and property owned by Patgood Inc. On the east, the northern 
portion of the site is bordered by the Illinois Gulf Central 
Railroad and the US Army Corps of Engineers (USACE) flood control 
levee and on the west the Site is bordered by the Mississippi 
River. The northern portion of Site Q that wraps around the 
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eastern boundary of Site R is known as the "dogleg" portion of 
Site Q. 

The southern portion consists of approximately 25 acres, north of 
Cargill Road and south of the Alton and Southern Railroad. The 
southern portion is bounded on the west by a 10-ft wide easement 
owned by Union Electric for transmission lines and a spur track 
of the Alton and Southern Railroad to the Fox Terminal. A barge 
terminal operated by St. Louis Grain Company is located between 
the Union Electric easement, the spur track and the Mississippi 
River. Southern Site Q is bordered on the east by the Illinois 
Central Gulf Railroad and the flood control levee. 

Disposal started at Site Q in the 1950s and continued until the 
1970s. Allegedly, Sauget and Company started operation of a 
landfill south of the River Terminal in 1966 and terminated 
operations in 1973. This facility took various wastes including 
municipal waste, septic tank pumpings, drums, organic and 
inorganic wastes, solvents, pesticides and paint sludges. It 
also took plant trash from Monsanto, waste from other industrial 
facilities and demolition debris. 

Site R - Site R, a closed industrial-waste disposal area owned by 
Solutia Inc, is located between the flood control levee and the 
Mississippi River in Sauget, Illinois. Its northern border is 
Monsanto Avenue and its· southern border is Site Q. This site is 
now known as the "River's Edge Landfill". The former landfill 
occupies approximately 22 acres of the 36-acre site. A portion 
of Site Q, known as the ''Dog Leg", is located to the east of Site 
R. 

Industrial Salvage and Disposal, Inc. (ISO) operated the River's 
Edge Landfill for Monsanto from 1957 to ~977. Hazardous and non
hazardous bulk liquid and solid chemical wastes and drummed 
chemical wastes from Monsanto's W.G. Krummrich plant and, to a 
lesser degree, it's Queeny plant in St. Louis were disposed at 
Site R. Disposal began in the northern portion of the site and 
expanded southward. Wastes contained phenols, aromatic nitro 
compounds, aromatic amines, aromatic nitro amines, chlorinated 
aromatic hydrocarbons, aromatic and aliphatic carboxylic acids 
and condensation products of these compounds. Pursuant to a 
negotiated agreement with the State of Illinois, Monsanto 
installed a two to eight foot thick, clay cover on Site R in 1979 
to cover the waste, limit infiltration through the landfill and 
prevent direct contact with the landfill material. In 1985, 
Monsanto installed a 2,250 foot long rock revetment along the 
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bank of the Mississippi River downgradient of Site R to prevent 
erosion of the riverbank and minimize the potential for the 
release of waste material from the landfill. 

Site s - Site S, located southwest of Site 0, is a small disposal 
site less than one acre is size. Based on available information, 
the property is or was owned by the Village of Sauget, Clayton 
Chemical and the Resource Recovery Group. In the mid-1960s, 
solvent recovery began on the Clayton Chemical property, which is 
now owned by the Resource Recovery Group (RRG) . The waste 
solvents were steam-stripped resulting in still bottoms that were 
allegedly disposed of in a shallow, on-site excavation that is 
now designated Site S. Historical aerial photographs indicate 
that Site S was potentially a waste and/or drum disposal area. 

2.2 ACTIONS TO DATE 

2.2.1 Site 0 

In 1980, the Village of Sauget closed four clarifier sludge 
lagoons at Site 0 by stabilizing the sludge with lime and 
covering it with approximately two feet of clean, low
permeability soil. Currently, the lagoons are vegetated. 

2.2.2 Site R 

In 1979, Monsanto completed the installation of a clay cover on 
Site R to cover waste, limit infiltration through the landfill, 
and prevent direct contact with fill material. The cover's 
thickness ranges from 2 feet to approximately 8 feet. In 1985, 
Monsanto installed a 2,250-foot long rock revetment along the 
east bank of the Mississippi River adjacent to Site R. The 
purpose of the stabilization project was to prevent further 
erosion of the riverbank and thereby minimize potential for the 
release of waste material from the landfill. During the 1993 
flood, Site R was flooded but the clay cap was not overtopped. 
No erosion of the riverbank or cap resulted from this flood. 

On February 13, 1992, the State of Illinois and Monsanto signed a 
consent decree entered in St. Clair County Circuit Court 
requiring further remedial investigations and feasibility studies 
to be conducted by Monsanto on Site R. The results of the 
Remedial Investigation/Feasibility Study were submitted to !EPA 
in 1994. 
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"2.2.3 Site Q 

In 1993, during the highest recorded flood in St. Louis' history, 
Site Q was flooded and river currents unearthed a number of 
barrels containing hazardous waste. EPA conducted a CERCLA 
=effiQ•·al action at the northern portion of Site Q in 199S to 
stabi~ize the area scoured by the flood waters. 

EPA initiated a second removal action at disposal Site Q on 
October 18, 1999. The EPA contractor began to excavate site 
wastes on October 26, 1999 from eight excavation areas of various 
sizes on approximately 2S-acres at the southern end of disposal 
Site Q. Two waste streams were developed based upon analytical 
results of the separate waste piles: 1) a low-level PCB waste 
stream with soil concentrations less than SO ppm) that was 
shipped via truck to the Milam Recycling and Disposal Facility 
located in East St. Louis, Illinois and 2) a PCB waste stream 
with soil/debris containing greatet than SO ppm PCBs that was 
shipped via rail car to the Safety-Kleen Lone & Grassy Mountain 
facility, located in Waynoka, Oklahoma. One hundred sixty three 
trucks, each containing approximately 20 tons of low-level PCB 
waste, were shipped to the Milam disposal facility. One hundred 
forty one rail cars, each containing approximately 90 tons of PCB 
waste, were shipped to the Lone Mountain facility. Drums 
excavated on site were crushed and added to either waste stream. 
Excavated drums that were void of waste material were added to 
either PCB waste stream; drums that contained waste were added to 
the greater than 50 ppm PCB waste stream. On April 5, 2000, 
removal of site wastes was completed. Approximately 17,032 tons 
of waste and 3,271 drums were removed from the site. Due to 
limited resources and the amount of contamination, this removal 
action did not address all of the contaminants present on 
disposal Site Q. 

2.3 INVESTIGATION HISTORY 

Numerous investigations have been conducted at or near the Sauget 
Area 2 Site prior to the initiation of the Remedial 
Investigation/Feasibility Study (RI/FS) by a Sauget Area 2 
Potentially Responsible Party (PRP) group in 2002. 

In 1998, Ecology and Environment (E&E) prepared on behalf of EPA 
Region 5 the report "Sauget Area 2 Data Tables/Maps for EPA, 
Region 5". This report summarized existing data for each site 
along with other information compiled by E&E during its file 
searches of various agencies and organizations. It contains data 
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from investigations conducted by Clayton Environmental 
Consultants, Dynamac, E&E, IEPA, Geraghty and Miller, Reidel 
Industrial Waste Management, Russell and Axon and EPA. 

On February 13, 1992, the State of Illinois and Monsanto signed a 
consent decree entered in St. Clair County Circuit Court 
requiring further remedial investigations and feasibility studies 
to be conducted by Monsanto on Site R. The results of the RI/FS 
were submitted to IEPA in 1994. 

A Resource Conservation and Recovery Act (RCRA) Administrative 
Order on Consent (AOC)·signed by Solutia and EPA requires Solutia 
to complete activities necessary to identify and define the 
nature and extent of releases of hazardous waste and/or hazardous 
constituents at or from the W.G. Krummrich Facility. This May 3, 
2000, AOC also requires S0lutia to prepare a Description of 
Current Conditions Report, a Groundwater Environmental Indicators 
Report (EIR) and a Current Human Exposure Environmental 
Indicators Report. In January and May 2000, Solutia collected 
groundwater samples from selected existing monitoring wells to 
determine the areal and vertical distribution of volatile organic 
compounds (VOCs) and semi-volatile organic compounds (SVOCs) in 
groundwater between its W.G. Krummrich plant and the Mississippi 
River. Surface water, sediment and fish sampling conducted in 
the Mississippi River in October and November 2000, demonstrated 
that groundwater releasing to surface water in the vicinity of 
Sauget Area 2 disposal Site R is adversely impacting the 
Mississippi River. 

In October and November 2000, EPA collected sediment samples in 
the Mississippi River in and adjacent to area-of suspected 
groundwater release from Solutia's W.G. Krumrnrich plant. This 
work was performed in GOnjunction with Solutia's implementation 
of its Surface Water Sampling Plan using the same methods and 
sampling personnel, methods and equipment. 

2.4 ENFORCBNBNT HISTORY 

On February 13, 1992, the State of Illinois and Monsanto signed a 
consent decree entered in St. Clair County Circuit Court 
requiring remedial investigations and feasibility studies to be 
conducted by Monsanto on Site R. The results of the Remedial 
Investigation/Feasibility Study were submitted to Illinois EPA in 
1994. . 
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On May 3, 2000, EPA and Solutia entered into a RCRA AOC which 
requires Solutia to complete activities necessary to identify and 
define the nature and extent of releases of hazardous waste 
and/or hazardous constituents at or from the W.G. Krummrich 
Facility. The AOC also requires Solutia to propose, by June 1, 
2004, final corrective measures necessary to protect human health 
and the environment for all current and future unacceptable risks 
due to releases of hazardous waste or hazardous constituents at 
or from the facility. 

On November 24, 2000, an AOC for the Sauget Area 2 Site, was 
entered into by EPA and a group of PRPs. The AOC requires the 
Sauget Area 2 Sites Group to conduct a Remedial Investigation 
(RI) and to prepare a Feasibility Study (FS). RI sampling 
activities were initiated in 2002 and will be concluded in 
November 2002. 

On September 13, 2001, EPA proposed adding the Sauget Area 2 Site 
to the National Priorities List (NPL) of Superfund sites. EPA is 
the lead regulatory agency for the Sauget Area 2 Site and the 
IEPA is the support agency. 

On November 14, 2001, EPA sent a request to the Sauget Area 2 
Sites Group to prepare a focused feasibility study (FFS) for the 
Groundwater Operable Unit (OU-2) to address the known groundwater 
contamination problem in the vicinity of Site R. The request was 
made based on information collected by Solutia and EPA in 2000 
and 2001. Solutia prepared an FFS independent of the Sauget Area 
2 Sites Group. 

3 . COMMUNITY PARTICIPATION 

This section summarizes the community relations activities by EPA 
during the remedy selection process. EPA developed a Community 
Relations Plan (CRP) for the site dated August 25, 2000. The CRP 
was designed to promote public awareness of cleanup activities 
and investigations and to promote public involvement in the 
decision-making process. Community participation activities have 
included personal interviews, fact sheets, and newspaper notices. 

The FFS and Proposed Plan for the Sauget Area 2 Groundwater 
Interim Action were made available to the public in June 2002. 
These documents, along with others that form the basis for the 
cleanup decisions for the site, can be found in the 
Administrative Record File located at the EPA Region 5 Records 
Center at 77 West Jackson Blvd., Chicago, Illinois and the 
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Cahokia Public Library District, 140 Cahokia Park Drive, Cahokia, 
Illinois. Notice of the availability of these two documents was 
published in the Beleville News Democrat, on June 17, 2002. On 
June 17, 2002, a fact sheet and a copy of the Proposed Plan were 
mailed to all individuals on the Sauget Area 2 Site mail list. A 
public comment period was held from June 17, 2002, to July 17, 
2002. An extension to the public comment period was requested. 
As a result, it was extended to August 16, 2002. A public 
meeting was held on June 24, 2002, to present the Proposed Plan. 
Approximately 25 people attended the meeting. EPA's response to 
comments received during this period is included in the 
Responsiveness Summary, which is part of this Record of Decision 
(ROD). 

4 . SCOPE AND ROLE OF RESPONSE AC'l':ION 

This interim groundwater remedial action, referred to as Operable 
Unit 2 (OU-2), is intended to address the adverse impacts from 
the known groundwater contamination problem in the vicinity of 
Site R. Based on the currently available groundwater and 
sediment information, it is apparent that groundwater, with 
contaminant concentrations above acceptable levels, is being 
released to the Mississippi River in the vicinity of disposal 
Site R. An ecological risk assessment performed in June 2001 
indicates there is an adverse impact on the Mississippi River 
resulting from this release. EPA has determined that an interim 
action is necessary to restrict the migration of the groundwater 
contamination and mitigate an unacceptable release of . 
contaminated groundwater to surface water 'in the vicinity of 
disposal Site R. A final remedy for the Sauget Area 2 Site will 
be selected upon completion of the RI/FS. 

With respect to the source areas and principal threats for OU-2, 
they are not within the scope of this interim groundwater 
remedial action. The NCP establishes an expectation that EPA 
will use treatment to address the principal threats posed by a 
site wherever practical. A principal threat concept is applied 
to the characterization of "source material" at a Superfund site. 
A source material is material that includes or contains hazardous 
substances, pollutants or contaminants that act as a reservoir 
for migration of contaminant to groundwater, surface water or 
air, or acts as a source for direct exposure. EPA has defined a 
principal threat wastes as those source materials considered to 
be highly toxic or highly mobile that generally cannot be 

. reliably contained or would present a significant risk to human 
health or the environment should exposure occur. The OU-2 source 
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areas likely contain principal threat wastes including dense 
nonaqueous phase liquids (DNAPLs). The source areas and 
principal threats will be addressed as part of the final response 
action for the Sauget Area 2 Site upon completion of the Sauget 
Area 2 RI/FS in 2004. 

5. SI~E CHARACTERISTICS 

This section summarizes currently available information for the 
site. The major characteristics of the site and the nature and 
extent of contamination are summarized below. More detailed 
information is contained in the FFS, which is contained in the 
Administrative Record for the Site. See Section 3 for further 
information on the Administrative Record. 

5.1 CONCEPTUAL SITE MODEL 

The Conceptual Site Model (CSM) for Human Health is depicted in 
Figure 5-1, and for Ecological in Figures 5-2 through 5-4. The 
CSM identifies potential sources, potential environmental release 
mechanisms, potential exposure pathways, potential exposure 
routes, and potential human and ecological receptors. The CSM 
will be reviewed and modified, as necessary, once the analytical 
data from the Area 2 RI become available. 

Based on all currently available information and for the purpose 
of this CSM, the sources of contamination in environmental media 
are various source areas upgradient from the area of impact 
adjacent to disposal Site R. Disposal areas contributing to the 
groundwater contamination problem include, but are not limited 
to, Sauget Area 2 disposal sites 0, Q, and R, Sauget Area 1 Site 
I, the W.G. Krummrich Plant, and the Clayton Chemical Facility. 
Constituents in the sites have released to soils and from there 
leached to underlying groundwater. The aquifer beneath the 
Sauget Area 2 Site consists of three distinct hydrogeologic 
units: 1) the Shallow Hydrogeologic Unit (SHU) with fine-grained, 
silty sands, 2) the Middle Hydrogeologic Unit (MHU) with clean, 
medium to course sand, and 3) the Deep Hydrologic Unit {DHU) with 
clean, medium to course sand and gravel. The ultimate point of 
release for these units is the Mississippi River. Leachate 
migrating from the waste disposal areas enters into these 
hydrogeologic units and then is released to the river via 
groundwater. Constituents that are released through groundwater 
will first pass through the sediments of the river channel prior 
to entering the water column. Site receptors including outdoor 
industrial workers, construction/utility workers, and trespassers 
may come into contact with contaminated soils, ingest soils, 

13 



Sauget Area 2: Record of Decision 

inhale VOCs from soils and groundwater. Trespassers and 
recreational fisherman may come into contact with or ingest 
surface water or sediment; and the recreational fisherman may 
consume organisms that have accumulated contamination. 

5.2 PHYSICAL CHARACTERISTICS OF THE SITE 

5.2.1 Surface Features 

Sauget Area 2 is situated in a floodplain of the Mississippi 
River called the American Bottoms. It is located on the eastern 
side of the river directly opposite St. Louis, Missouri (Figure 
1-1). As a whole, the floodplain encompasses 175 square miles, 
is 30 miles long, and has a maximum width of 11 miles. It is 
bordered on the west by the Mississippi River and on the east by 
bluffs that rise 150 to 2CO feet above the valley bottom. The 
floodplain is relatively flat and generally slopes from north to 
south and from east to west. Land surface lies between 400 and 
445 feet above mean sea level (MSL) . 

Locally, the topography consists of nearly flat bottomland with 
slight irregularities. Elevations across the study area range 
from 400 to 430 feet MSL and the land surface trends in a 
southeastward/northwestward direction. Land surface elevations 
are highest adjacent to the Mississippi River (EL 430 ft MSL) and 
decrease to EL 400 to 410 ft MSL approximately 1,000 to 1,500 
feet east of the river. 

5.2.2 Climate 

The National Climatic Data Center (NCDC) describes the areas' 
climate as modified continental, subject to four-season climate 
changes without the undue hardship of prolonged periods of 
extreme heat or high humidity. To the south is the warm, moist 
air of the Gulf of Mexico; and to the north, in Canada, is a 
region of cold air masses .. The convergence of air masses from 
these sources, and the conflict on the frontal zones where they 
come together, produce a variety of weather conditions, none of 
which are likely to persist for any great length of time. 

Winters are brisk and seldom severe. Records since 1870 show 
that the temperature drops to zero degrees Fahrenheit (0°F) or 
below on average two to three days per year. The area stays at 
or below 32°F for less than 25 days in most years. Average 
snowfall for the area is a little over 18 inches per winter 
season. Snowfall of an inch or more is received on five to ten 
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days in most years. The long-term record fo~ the St. Louis area 
(since 1870) indicates that temperatures of 90°F or higher occur 
on about 35 to 40 days per year, and extremely hot days of 100°F 
or more are expected no more than five days per year. 

The normal annual precipitation for the area is slightly less 
than 34 inches. The winter months are the driest, with an 
average total of about six (6) inches of precipitation. The 
spring months of March through May are normally the wettest with 
normal precipitation of just under 10.5 inches. 

5.2.3 Geology 

The American Bottoms are underlain by unconsolidated valley fill 
composed of recent alluvium, known as the Cahokia Alluvium, which 
overlies a unit of glacial material known as the Henry Formation. 
The Cahokia Alluvium is approximately 40 feet thick and consists 
of unconsolidated, poorly-sorted, fine-grained material with some 
local sand and clay lenses. These alluvial deposits 
unconformably overlie the Henry Formation, which is composed of 
medium to coarse sand and gravel that increases in grain size 
with depth. This unit is approximately 95 feet thick and 
generally becomes thinner with increasing distance from the 
Mississippi River. 

The valley fill throughout the floodplain is underlain by a 
bedrock system of Mississippian and Pennsylvanian age. The 
bedrock consists primarily of limestone and dolomite with some 
sandstone and shale, and is older in the central and western 
sections of the American Bottoms. 

Cross sections showing regional geology are provided as Figures 5-5 
and 5-6. 

Two types of water-bearing formations exist in the American 
Bottoms: unconsolidated and consolidated. The unconsolidated 
formations (predominantly silt, sand, and gravel) are those that 
lie between the ground surface and the bedrock/gravel interface. 
The thickness of the unconsolidated formation varies throughout 
the area, but is typically estimated to be approximately 100 
feet. Finer-grained sediments generally dominate at the ground 
surface and become coarser and more permeable with depth, 
creating semi-confined conditions within the aquifer. Thus, 
permeability and porosity increase in the unconsolidated 
formation with depth. The consolidated formations are deep 
bedrock units of limestone and dolomite that exhibit low 
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permeability and are not considered to be a significant source 
for groundwater in the area. 

As· reported in "Groundwater Management in the American Bottoms, 
Illinois," hydraulic properties of the unconsolidated aquifer 
have been determined from 10 aquifer tests and 100 specific 
capacity tests conducted on industrial, municipal, irrigation and 
relief wells. The coefficient of storage for the aquifer ranged 
from 0.002 to 0.155. Reported hydraulic conductivity values 
average 3,000 gallons per day per square foot (gpd/ft 2 ) which is 
equivalent to 1.4x10-1 cm/s. 

Recharge to the aquifer occurs through four (4) sources: 
precipitation, infiltration from the Mississippi River, inflow 
from the buried valley channel of the Mississippi River, and 
subsurface flow from the bluffs that border the flood plain on 
the east. 

5.2.4 Hydrology 

The Mississippi River, bordering the American Bottoms to the 
west, is the major surface-water body draining the area. It is 
fed by a complex network of natural and artificial channels that 
was extensively improved throughout the 20th Century. According 
to an investigation of groundwater resources conducted by the 
Illinois State Water Survey Division, at least 40 miles of 
improved drainage ditch have been constructed and the natural 
lake area in the center of the flood plain has been reduced by 
more than 40 percent. 

5.2.5 Bydroqeology 

Sauget Area 2 is located in the southwestern section of the 
American Bottoms flood plain. More specifically, it is situated 
south of East St. Louis, and extends approximately three-quarters 
to one mile east of the eastern bank of the Mississippi River. 
The stratigraphy beneath the site is much like that of the rest 
of the flood plain. The Cahokia Alluvium is about 30 feet thick 
and is a fine silty sand that is gray and brown in color. Below 
this, the unconsolidated deposits of the Henry Formation are 
present. Locally, the Henry Formation is characterized by 
medium-to-coarse sand that becomes coarser and more permeable 
with depth. The thickness of this unit ranges from 140 feet near 
the river to about 100 feet on the east side of the site. The 
groundwater level is currently between 10 to 20 feet below ground 
surface, but fluctuates during times of heavy·and light 
precipitation. 
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Geologic data show that the unconsolidated deposits range from 
140 feet thick near the river to about 100 feet in the eastern 
part of the study area. At most locations, the contact between 
Cahokia Alluvium and the Henry Formation cannot be distinguished. 
However, as previously mentioned, three distinct hydrogeologic 
''ni~8 can be identified: 1) a shallow hydrogeologic unit (SHU); 
2) a n.iddle hydrogeologic unit (MHU); and 3) a deep hydrogeologic 
unit (DHU). The 20 feet thick SHU includes the Cahokia Alluvium 
(recent deposits) and the uppermost portion of the Henry 
Formation. This unit is primarily an unconsolidated, fine
grained silty sand with low to moderate permeability. The 30 
feet thick MHU is formed by the upper to middle, medium to coarse 
sand portions of the Henry Formation. It contains a higher 
permeability sand than found in the overlying shallow 
hydrogeologic unit, and these sands become coarser with depth. 
At the bottom of the aquifer is the DHU, which includes the high 
permeability, coarse-grained deposits of the lower Henry 
Formation. This zone is 40 feet thick. In some areas, till 
and/or boulder zones were encountered 10 to 15 feet above the 
bedrock. 

During low river stage conditions, groundwater at Sauget Area 2 
flows from east to west and releases to the Mississippi River, 
the natural point of release for groundwater in the American 
Bottoms aquifer. For example, in October 2001 groundwater 
elevations in the Middle Hydrogeologic Unit were 394 ft MSL at 
Route 3 (Mississippi Avenue) and 389 ft. MSL at the downgradient 
limit of Site R when the average river elevation was 390 ft MSL. 
When flood stage occurs in the Mississippi River, flow reverses. 
For example, in November 1985 river stage was 32 to 33 feet above 
the USACE datum (low flow river stage is 5 to 7 feet above this 
datum) . Groundwater elevation in the MHU at the downgradient 
edge of Site R was 406 ft. MSL and 394 ft. MSL at Route 3. Under 
these conditions, groundwater flow was from west to east for a 
distance of approximately 4,500 feet. Horizontal groundwater 
gradients beneath Sauget Area 1 average about 0.001 feet per foot 
(ft/ft) to the west. Downward vertical gradients occur on parts 
of the site, with varying magnitudes depending on location and 
season. 

Aquifer tests performed over a span of 30 years have established 
characteristics such as transmissivity, hydraulic conductivity, 
storage coefficient and groundwater velocity. Tests have been 
conducted for all three (3) groundwater units and are summarized 
as follows: 
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Transmissivity Hydraulic Storage 
gpd/ft Conductivity Coefficient 

s h a 1 1 0 w 
Hydrogeologic 9. 5 gpd/ft2 

Unit 141.5 gpd/ft (4 x 10-4 cm/s} Not Available 
M i d d 1 e 
Hydrogeologic 3,300 gpd/ft2 

Unit 165,000 gpd/ft (1. 6 x 10-1 cm/s) 0.04 
D e e p 
Hydrogeologic 2, 600 gpd/ft2 0.002 - 0.100 
Unit 211,000 gpd/ft (1. 2 x 10-1 cm/s) 

Note: Results are averages. 

Groundwater flow velocity is on the order of 0.02 feet per day (7 
feet per year}, 4 feet per day {1,500 feet per year) and 6 feet 
per day (2,200 feet per yaar), respectively, in the SHU, the MHU 
and the DHU. 

5.3 SUMMARY OF SITE INVESTIGATION ACT~TIES 

5.3.1 Natura and Extent of Contaminants 

The remedial investigation for the Sauget Area 2 Site is 
currently ongoing. However, numerous sampling investigation have 
previously been conducted in the area. Sediment, groundwater, 
surface water and soil samples have been collected on and 
adjacent to the Sauget Area 2 Site, and upgradient of the Site. 
The nature and extent of sediment, groundwater, surface water, 
and soil contamination is summarized below and discussed in more 
detail in the FFS. 

5.3.1.1 Surface Water and Sediments 

.So~utia Surface Water Sampling Plan 

An AOC under RCRA requires Solutia to complete activities 
necessary to identify and define the nature and extent of 
releases of hazardous waste and/or hazardous constituents at or 
from the W.G. Krummrich plant. The W.G. Krummrich plant is 
located upgradient from the groundwater contamination being 
released.to the Mississippi River adjacent to Sauget Area 2 
disposal Site R and the resulting impact area. The W.G. 
Krummrich plant currently produces primarily monochlorobenz.ene. 
The plant began operations in Sauget in the early 1900's, and has 
produced a wide variety of products in the past including: adipic 
acid, alkylbenzene, aroclors, benzyl chloride, calcium benzene 
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sulfonate, caustic soda, chlorine, chlorinated cyanuric acid, 
chlorobenzenes, chlorophenols, 2,4-D, fatty acid chloride, 
monochloroacetic acid, muriatic acid, nitric acid, nitric cake, 
nitroaniline, nitrodiphenylamine, nitrophenol, phenol, phosphoric 
acid, phosphorus halides, potash, potassium phenyl acetate, salt 
cake, Santicizer-160, Santoflex, Santolube 393, Santomerse #1, 
sulfuric acid, 2,4,5-T, tricresyl phosphate and zinc chloride. 

Elevated levels of VOCs and SVOCs are located in groundwater at 
the plant. The following have been found in concentrations 
higher than the IEPA Tiered Approach to Cleanup Objectives (TACO) 
Tier 1 Industrial Criteria, are listed below: 

Benzene 
Chlorobenzene 
1,2-Dichloroethene 
Ethylbenzene 
Methyl Isobutyl Ketone 
Methylene Chloride 
Toluene 
1,1,1-Trichloroethane 
Xylene 
Vinyl Chloride 

SVOCs 

Chloroaniline 
Chlorophenol 
Dichlorobenzene 
Dichlorophenol 
Naphthalene 
Nitroaniline 
Nitrobenzene 

Nitrobiphenyl 
Nitrophenol 
Pentachlorophenol 
Phenol 
Trichlorobenzene 
Trichlorophenol 

Pursuant to the RCRA AOC, Solutia submitted a Description of 
Current Conditions Report, which included a Site Sampling Plan, 
to EPA on August 1, 2000. Surface Water, Groundwater and Soil 
Sampling Plans were included in the Site Sampling Plan. Pursuant 
to this plan, Solutia conducted surface water, sediment and fish 
sampling in the Mississippi River in October 2000 to determine 
the impact, if any, of groundwater migrating from the W.G. 
Krummrich facility. Solutia collected surface water and sediment 
samples in the Mississippi River at three locations: 1) upstream 
of the plume release area, 2) the plume release area and 3) 
downstream of the plume release area. 

Solutia analyzed the samples to determine the concentration of 
VOCs, SVOCs, Pesticides, Herbicides, PCBs and Dioxin in these 
environmental media. In addition, benthic community structure 

-was evaluated to provide data for sediment triad evaluation. 
Bioassays were conducted on surface water and sediment samples to 
determine the toxicity, if any, of these environmental media to 
sensitive organisms. Fish were sampled in the plume release area 
and upstream and downstream of this release to determine the 
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impact, if any, on higher trophic level organisms. Information 
collected as part of the Surface Water Sampling Plan will be used 
in an Ecological Risk Assessment, a Human Health Risk Assessment, 
a Groundwater Environmental Indicators Report and a Current Human 
Exposure Environmental Indicators Report. 

Reconnaissance Survey - Solutia conducted a reconnaissance survey 
in September 2000 to characterize river bottom substrates and 
identify surface water, sediment and fish sampling locations. 
During this reconnaissance survey, conducted in conjunction with 
EPA, sediment samples were collected in the area where 
groundwater plume is being released to surface water along three 
transects running from the bank towards the center of the river. 
Analytical results are summarized below: 

Distance from Bank, feet 

Total VOCs. ppb 50 200 300 400 500 600 700 1000 1400 

North Transect 644 NS 854 ND NS NS ND ND ND 
Center Transect 1300 ND NS NS ND NS NS NS NS 
South Transect 45 NS 473 NS NS 1 NS NS NS 

River Sampling- Solutia's sediment sample analyses indicated 
that sampling transects located 300 ft from the riverbank would 
be within the area of plume release. Therefore, surface water 
samples were collected along three transects running parallel to 
the bank and located 50, 150 and 300 ft from the riverbank. 
Three sampling stations were located on each transect resulting 
in nine sampling stations within the plume release area. One 
sampling station was located at the center point of each 
transect. Another sampling station was located half way between 
the center station and the upstream end of each transect. A 
third sampling station was located half way between the center 
station and the downstream end of each transect. 

At each sampling station, Solutia collected one surface water 
sample and analyzed the sample for VOCs, SVOCs, Pesticides, 
Herbicides, PCBs and Dioxin to determine the concentration of 
these constituents in surface water. Samples were collected just 
above the sediment/surface water interface. Bioassays, using 
Cerodaphnia and Fat Head Minnows, were performed on each surface 
water sample to determine surface water toxicity. In addition, 
one sediment sample was collected at each sampling station and 
arialyzed for VOCs, SVOCs, Pesticides, Herbicides, PCBs and Dioxin 
to determine the concentration of these constituents in 
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sediments. Bioassays, were performed on each sediment sample to 
determine sediment toxicity. Benthic community structure was 
determined using three grab samples collected at selected 
locations within each sampling area. 

OnA local area of soft bottom sediment was observed during the 
Septe-~ber 2000 reconnaissance survey at a wing wall downstream of 
the site. One soft bottom sample was collected in this area and 
analyzed for VOCs, SVOCs, Pesticides, Herbicides, PCBs and 
Dioxin. Bioassays were performed on this sediment sample to 
determine sediment toxicity. Three grab samples were collected 
at this sampling station to determine benthic community 
structure. One surface water sample was collected at this 
location and analyzed for VOCs, SVOCs, Pesticides, Herbicides, 
PCBs and Dioxin. Bioassays were performed on this surface water 
sample to determine surface water toxicity. To provide a basis 
for comparison, one soft bottom sample station was selected 
upstream of the site and similar evaluations as described above 
conducted at this station. 

Sediment, surface water and fish tissue analytical result 
summaries and a summary of sediment and surface water toxicity 
testing are included in Tables 5-1, 5-2, 5-3, 5-4, 5-5 and 5-6. 
Sampling locations are shown on Figures 5-7, 5-8, 5-9 and 5-10. 
These analytical data were used to prepare the Ecological Risk 
Assessment summarized in Section 7.2.3. 

EPA Sediment Sampling 

In October and November 2000, EPA collected sediment samples in 
the Mississippi River in and adjacent to the area where 
groundwater from Solutia's W.G. Krummrich plant (Figures 5-11 and 
5-12) is being released to the Mississippi River. This work was 
performed in conjunction with Solutia's implementation of its 
Surface Water Sampling Plan using the same methods and sampling 
personnel, methods and equipment. EPA's analytical data 
summaries are included in Table 5-7. 

EPA data shows that sediment is contaminated with significant 
concentrations of VOCs and SVOCs starting at the northern edge of 
disposal Site R. This area is also the approximate northern 
boundary of a groundwater contaminant plume at disposal Site R 
that is being released to the Mississippi River. Significant 
concentrations of VOCs and SVOCs in sediment continue along and 
south of disposal Site R, the approximate southern boundary of 
the groundwater contaminant plume. Significant concentrations of 
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pesticides, a herbicide, and polychlorinaf~d biphenyls (PCBs) 
were also found near the middle and southern boundary of Site R, 
in the approximate center of the groundwater contaminant plume. 

5.3.1.2 Groundwater 

Solutia Groundwater Sampling 

In January and May 2000, pursuant to the requirements found in 
the RCRA AOC, Solutia collected groundwater samples from selected 
existing monitoring wells to determine the areal and vertical · 
distribution of VOCs and SVOCs in groundwater between its W.G. 
Krummrich plant and the Mississippi River. Solutia groundwater 
data correlates well with both the type and extent of 
contamination found in Mississippi River sediment indicating that 
contaminated groundwater ~n OUl is a primary contributor to 
contamination of Mississippi River sediments. Groundwater data 
from May 2000 for wells monitoring the MHU and DHU near the 
northern extent of sediment contamination (wells GM-278 and GM-
27C) found up to 1,400 parts per billion (ppb) of benzene, 11,000 
ppb of chlorobenzene, 700 ppb of toluene, 39,000 ppb of aniline, 
8,100 ppb of phenol, 300 ppb of 4-chlorophenol, 20,000 ppb of 2-
chloroaniline, 25,000 ppb of 3-chloroaniline, and 25,000 ppb of 
4-chloroaniline. 

Total VOC and Total SVOC concentrations were plotted and 
contoured for the SHU, MHU and DHU and the results are presented 
in Figures 5-13 through 5-18. Based on these isoconcentration 
plots, VOCs and SVOCs are present in groundwater from the 
Mississippi River to the W.G. Krummrich plant. Two concentration 
highs are evident on these figures at the Sauget Area 2 Sites R 
and Q (Dog Leg) immediately adjacent to the Mississippi River and 
at the W.G. Krummrich plant. To a lesser extent, Figure 5-16 
(SHU-SVOCs) also shows a concentration high at Site 0. Total VOC 
concentration highs in the SHU, MHU and DHU are located in the 
northern half, northern two thirds and the extreme northern end 
of Site R, respectively, while the Total SVOC concentration highs 
are located in the central portions of Site R for all three of 
these hydrogeologic units. Estimated mass loading to the 
Mississippi River in the vicinity of SitaR is 220,000 kg/yr 
(484,000 pounds per year) or 603 kg/day (1,327 pounds per day). 

These January and May 2000 groundwater data indicate there is a 
distinct vertical stratification of Total VOC and Total SVOC 
concentrations at Site R with concentrations decreasing with 
depth: 
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Total VOC Concentration Total SVOC 
Concentration 

Shallow Hydrogeologic Unit 
Middle Hydrogeologic Unit 
Deep Hydrogeologic Unit 

(ppb) 
74,600 
47,210 

1,950 

(ppb) 
6,760,000 
1,529,000 

34,800 

This distinct vertical concentration gradient, with the highest 
detected concentrations in the upper portions of the saturated 
zone, indicates that the waste material and/or DNAPL in the SHU 
is still acting as a source that impacts groundwater quality. 
Total SVOC concentrations of 6,760,000 in the SHU and 1,529,000 
in the MHU indicate that DNAPL is probably present in the 
aquifer. Dissolution of DNAPL coating the aquifer matrix or 
trapped in aquifer pore spaces will act as a long-term, 
continuous source of impacted groundwater. 

Solutia collected groundwater data during pre-design 
investigations performed in July 2001 to obtain design 
information for a groundwater extraction system downgradient of 
Site R. The following vertical distribution of Total SVOCs was 
found at two potential extraction well locations at the 
downgradient boundary of Site R: 

Depth Below 
Ground Surface 

(feet) 

Total SVOC Concentrations (ppb) 
Proposed GroundwaterProposed Groundwater 

Extraction Well 1 Extraction Well 2 

Shallow Hydrogeologic Unit 
20 12 
30 1,042,800 
40 NS 
50 156,000 

Middle 
60 
70 
80 

Hydrogeolog~c Unit 
125,600 
158,300 

90,000 
Deep Hydrogeologic Unit 

90 203,520 
100 
110 
120 

Notes: 

77,140 
107,400 

77,840 (l 

1) Sample at termination 
2) Sample at termination 
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12,470 
404,010 

172,320 
64,640 
84,300 

24,926 
21,810 12 
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Vertical stratification of SVOCs is also apparent from data 
collected at the location of Proposed Groundwater Extraction Well 
2, with the highest concentrations in the SHU, lower 
concentrations in the MHU and lowest in the DHU. This vertical 
distribution pattern is different in Propo~ed Groundwater 
Extraction Well 1 where Total SVOC concentrations do not decrease 
with depth between the MHU and the DHU. While it is difficult to 
know with certainty the reason for this difference in vertical 
distribution between these two proposed well locations, it may be 
due to the presence of DNAPL at the bottom of aquifer. Proposed 
Groundwater Extraction Well 1 was located 650 feet south of the 
north end of Site R. As discussed above, Total VOC and SVOC 
highs in the SHU, MHU and DHU are located in the northern two 
thirds of Site R. With a history of both solid and liquid waste 
disposal that allegedly started at the north end of Site R and 
continued to the south, it seems reasonable to expect the 
presence of DNAPL beneath and downgradient of this portion of 
Site R. 

Other Groundwater Investigations 

In 1998, Ecology and Environment (E&E) pr~pared the· report 
"Sauget Area 2 Data Tables/Maps for EPA Region 5." This report 
summarized existing data for each site along with other 
information compiled by E&E during its file searches of various 
agencies and organizations. It contains data from investigations 
conducted by Clayton Environmental Consultants, Dynamac, E&E, 
IEPA, Geraghty and Miller, Reidel Industrial Waste Management, 
Russell and Axon and EPA. 

Historical groundwater data presented in the report shows a 
strong correlat~on between groundwater contaminants and the 
sediment data. As part of its 1998 report, E&E prepared 
isoconcentration maps showing Total VOC concentration in shallow 
wells, Total VOC concentration in intermediate/deep wells, Total 
BNA concentration in shallow wells and Total BNA concentration in 
intermediate/deep wells. These maps are included in the ROD as 
Figures 5-19, 5-20, 5-21 and 5-22, respectively. These 
isoconcentration maps show groundwater concentration highs in 
shallow wells at Sites 0 and R. 

2001 EPA Removal Site Evaluation at the Clayton Chemical Facility 

The Clayton Chemical facility is located adjacent to the Sauget 
Area 2 Site and upgradient of the groundwater contamination 
release to the Mississippi River adjacent to Sauget Area 2 
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disposal Site R and the resulting impact area. The facility is 
located at 1 Mobile Avenue, Sauget, Illinois, between Site 0 and 
the dogleg portion of Site Q, and was operated as a railroad 
repair yard from the 1930s to 1962, a crude oil topping plant 
from 1962 to the mid-1960s, and an oil and solvent reclamation 
farility from the mid-1960s until 1998. Clayton Chemical blended 
hazar~ous waste fuel for use by industrial furnaces. Its 
facility included on-site bulk and drum storage, waste materials 
processing for fuels, a liquid fuel blending storage tank system 
and solvent recovery units. Wastes were received by Clayton 
Chemical by either bulk or in containers. Wastes disposed at the 
Clayton Chemical facility included oil tank bottoms, white gas, 
and spent halogenated and non-halogenated solvents. Clayton 
Chemical Company was renamed Resource Recovery Group LLC in 1996. 
The Clayton Chemical facility ceased operating in 1998, and was 
the subject of an emergency response action by EPA in 2001. 
Groundwater samples collected as part of he 2001 EPA emergency 
response detected vinyl chloride, 1,1-dichloroethane, 1,1-
dichloroethene, cis-1,2-dichloroethene, 1,1,1-trichloroethane, 
1,2-dichloroethane, benzene, trichloroethene, toluene, 
tetrachloroethene, and xylene above maximum contaminant limits 
(MCLs). 

Sauget Area 1 Remedial Investigation 

Pursuant to a CERCLA Section 106(a) AOC with the EPA, Solutia 
conducted an RI for the Sauget Area 1 site, which consists of 
three closed municipal/industrial landfills (Sites G, H, and I), 
one backfilled wastewater impoundment (Site L), one flooded 
borrow pit (Site M), one borrow pit backfilled with various waste 
materials (Site N), and Dead Creek. Sites G, H, I and L are 
located upgradient from the groundwater contamination release to 
the Mississippi River adjacent to Sauget Area 2 disposal Site R 
and the resulting impact area. The Sauget Area 1 RI indicates 
that only groundwater contamination from Site I is currently 
migrating to the Mississippi River. 

Site I is an inactive landfill that occupies approximately 19 
acres of land and is located north of Queeny Avenue, west of 
Falling Springs Road, and south of the Alton & Southern Railroad 
in the Village of Sauget, Illinois. Industrial, chemical and 
municipal wastes were disposed at Site I from approximately 1931 
to 1957. The estimated volume of waste and contaminated fill 
material in Site I is 680,827 cubic yards. RI groundwater 
sampling activities included collecting twenty-eight discrete 
zone groundwater samples from three-well transects downgradient 

25 



Sauget Area 2: Record of Decision 

of Site I. Constituents detected in groundwater downgradient of 
Site I include benzene, chlorobenzene, 1,1-dichloroethene, 
cis/trans-1,2-dichloroethene, 1,4-dichlorobenzene, 4-
chloroaniline, 2-chlorophenol, 2,4-dichlorophenol, 1,2,4-
trichlorobenzene, n-nitrosodiphenylamine, Alpha-BHC, Delta-BHC 
at concentrations above Illinois Class I groundwater standards 
and federal MCLs. The groundwater contamination plume extends 
beyond the downgradient Sauget Area 1 Site boundary (Route 3) and 
likely extends to the Mississippi River in the vicinity of Sauget 
Area 2 Site R. 

5.3.2 Fate and Transport 

With groundwater flow rates of 4 to 6 feet per day, constituents 
migrating in the MHU and DHU could reach the Mississippi River in 
time periods as short as flpproximately 40 days and 25 day~, 
respectively. Processes such as dispersion, dilution, 
biodegradation, adsorption, precipitation, etc. will retard or 
slow the movement of site-related constituents migrating toward 
the Mississippi River in the MHU and DHU. However, it is 
unlikely that these processes have much of an effect given the 
high groundwater flow velocities in the MHU and DHU and the short 
distance from Site R to the river. 

6. CURRJ:NT AND POTENTIAL FUTURE SI'l'B AND RESOURCE USBS 

6.1 LAND USES 

Heavy industry has been present on the east bank of the 
Mississippi River between Cahokia and Alton, Illinois for nearly 
a century. Industrial activity in the area peaked in the 1960s 
and local businesses have been closing ever since. Although 
heavy industry has shut down throughout the American Bottoms, 
Sauget Area 2 and the surrounding area is still highly 
industrialized. In addition to heavy industry, the area 
currently has warehouses, trucking companies, commercial 
facilities, bars, nightclubs, convenience stores and restaurants. 
A number of petroleum, petroleum product and natural gas 
pipelines are located in the area. 

No residential land use is located immediately adjacent to or 
downgradient of Sites O, P, Q, R and S; the W.G. Krumrnrich plant 
and other industrial facilities in the Sauget area. Residential 
areas of Sauget and East St. Louis are separated from this area· 
by other industries or undeveloped tracts of land. Limited 
residential areas exist approximately 3,000 feet to the northeast 
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and southeast of these industrial facilities. Industrial areas 
exist approximately 2000 feet west of this area, across the 
Mississippi River, in the City of St. Louis, Missouri, with 
residential areas located further to the west. 

Historically, the Sauget area and its surroundings were used for 
waste disposal. Six closed landfills (Sauget Area 2 Sites P, Q 
and Rand Sauget Area 1 Sites G, Hand I), four closed sludge 
lagoons (Sauget Area 2 Site 0), a closed tank-truck wash-water 
lagoon (Sauget Area 1 Site L) and a waste disposal site (Site S) 
associated with an abandoned solvent reclamation facility 
(Resource Recovery Group} are located in the Sauget area. 

The future land use assumptions for the Site and surrounding 
areas would be anticipated to be similar to the current land use. 

6.2 GROUNDWATER USE 

Historically, groundwater from the American Bottoms aquifer was a 
major source of water for the area and was used for industrial, 
public, and irrigation purposes. Groundwater levels prior to 
industrial and urban development were near land surface. 
Intensive industrial withdrawal and use and construction of a 
system of drainage ditches, levees, and canals to protect 
developed areas lowered the groundwater elevation for many years. 
However, by the mid-1980s, the groundwater levels increased due 
to reduced pumpage, high river stages, and high precipitation. 
Currently, no groundwater is being pumped from the American 
Bottoms aquifer in the vicinity of Sauget Area 2 for public, 
private or industrial supply purposes. 

Groundwater is not a source of drinking water in the area. The 
Villages of Sauget and Cahokia have issued ordinances prohibiting 
the use of groundwater as a potable water source. These 
ordinances were issued in response to historic industrial use in 
the region, and resulting ground-water quality impairments. 
Groundwater use restrictions will likely remain in place for the 
foreseeable future due to the extent of the groundwater quality 
impairments. 

Although agricultural land is found throughout the immediate 
project area, this land is apparently not irrigated. The nearest 
irrigated land, other than residential lawns and gardens, is 
located in the Schmids Lake-East Carondelet area, which is south 
of Old Prairie du Pont Creek. 
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6.3 SURFACE WATER USE 

.. 
' 

The source of drinking water for area residents is an intake in 
the Mississippi River. This intake is located at River Mile 181, 
approximately three miles north of Sauget Area 2. The drinking 
water intake is owned and operated by the Illinois American Water 
Company (IAWC) of East St. Louis, and it serves the majority of 
residences in the area. IAWC supplies water to Sauget. The 
Commonfields of Cahokia Public Water District purchases water 
from IAWC and distributes it to portions of Cahokia and 
Centerville Township. The Cahokia Water Department also 
purchases water from IAWC and distributes it to small residential 
areas in the west and southwest portions of Cahokia. Cahokia and 
Sauget both have city ordinances that prohibit use of groundwater 
as potable water. Public water supply is the exclusive potable 
water source in Sauget Area 2. 

The nearest downstream surface-water intake on the Illinois side 
of the Mississippi River is located at River Mile 110, 
approximately 68 miles south of Sauget Area 2. This intake 
supplies drinking water to residents in the Town of Chester and 
surrounding areas in Randolf.County, Illinois. The nearest 
potentially impacted public water supply on the Missouri side of 
the river is located at River Mile 149, approximately 29 miles 
south of the study area. The Village of Crystal City, Missouri 
(pop. 4,000), located 28 miles south of the area, utilizes a 
Ranney well adjacent to the Mississippi River as a source for 
drinking water. 

7 . SUMMAltY OF SITB RISKS 

7.1 RUMAN HEALTH RISK ASSESSMENT 

Dynamac Corporation's Fort Lee, New Jersey office and Geraghty & 
Miller's Bethpage, New York office prepared a Human Health for 
Sauget Area 2 Site R using data collected during an RI/FS 
required by the 1992 AOC with IEPA. 

7.1.1 Identification of Chemicals of Concern 

Using data from prior site investigations, the risk assessors 
identified 29 chemicals of potential concern (COPCs): 
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Benzene 
Chlorobenzene 
1,2-Dichloroethane 
Dichloroethylene 
Methyl Chloride 
Me hylene Chloride 
Tett3chloroethylene 
Vinyl Chloride 

SVOCs 

Aniline 
4-Chloroaniline 
Naphthalene 
1,2-Dichlorobenzene 
Nitrobenzene 
2-Nitrochlorobenzene 
Phenol 
2,4-Dimethylphenol 
2-Chlorophenol 
2,4-Dichlorophenol 
2,4,6-Trichlorophenol 
Pentachlorophenol 

Pesticides/PCBs 

alpha-BHC 
PCBs 

Metals 

Antimony 
Arsenic 
Beryllium 
Boron 
Nickel 
Thallium 
Cyanide 

7.1.2 Exposure Assessment 

The objective of the exposure assessment was to identify 
potential exposure scenarios by which contaminants of concern in 
site media could contact humans and to quantify the intensity and 
extent of that exposure. The conceptual site model depicting 
potential receptors and exposure pathways were presented in 
Section 5. Potential exposure pathways are summarized below: 

Potential 
Exposure Pathway Chemical Source 
Receptors 

Potential 
Exposure Scenario Potential 

Direct Contact Clay Cap Dermal Contact with and 
Incidental Ingestion of 

Soil 

On-Site Maintenance 
Workers 

Air Clay Cap Inhalation of 
VOCs and Dust 

On-Site Maintenance 
Workers 

Surface Water Groundwater 
Release to 

Surface Water 

Dermal Contact with and 
Ingestion of 

River Sediments 

Trespassing Users of 
Mississippi River 

Fish Ingestion Commercial and 
Recreational Users of 

Mississippi River 

Potential risks due to direct contact and subsequent ingestion or 
dermal adsorption of constituents in, or adjacent to, landfilled 
materials were considered low because: 

• The site is located in an exclusively industrial 
area and is fenced and patrolled by security 
personnel effectively eliminating the potential for 
residential exposure; 

• Workers are the only likely receptors to be present 
at the site and they would be present for limited 
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periods of time to implement remedial actions or 
complete maintenance activities; 

• A 2 to 6 ft thick, intact, highly-vegetated clay 
cover prevents direct contact with landfill 
contents; and 

• Use of appropriate health and safety measures would 
limit worker exposures. 

Potential risks due to direct contact with surface water were 
considered low because: 

• Swimming does not occur locally due to the highly 
urbanized and industrialized nature of the Sauget 
area; 

• Chemical concentrations are likely to be low due to 
high dilution; and 

• Exposure while fishing or boating would only be 
associated with incidental splash that is typically 
transient in nature and results in limited skin 
contact. 

Potential risks due to inhalation of wind-blown dust from the 
landfill surface or entrained in the atmosphere by vehicular 
traffic associated with on-site remedial activities were 
considered low because: 

• A thick clay cap covers the landfill; 

• The cap is in good condition; 

• Heavy.vegetative cover on the cap significantly 
limits dust emissions; 

• With a depth to water averaging 12 ft, most 
excavated materials would be wet and not prone to 
dispersal by wind entrainment; 

• Potentially-significant receptors were probably 
limited to on-site remediation workers with short 
term exposures; and 
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• Construction of a slurry wall and installation of a 
pump and treat system, the most likely remediation 
scenario, would not be likely to generate 

.significant quantities of air-borne dust. 

Potential risks due to inhalation of volatile organics from the 
landfill were considered low because: 

• Remediation workers were the only potentially 
significant receptors; 

• Escape of volatiles is limited by the vegetated, 
clay cap; and 

• Most remediation activities would occur adjacent to 
but not in the landfill, thereby leaving the 
materials with the highest concentration of volatile 
chemicals undisturbed. 

Potential risks due to ingestion of biota were considered 
significant because: 

• The groundwater plume from the landfill released an 
estimated 77 pounds per day of organic chemicals 
into the Mississippi River; 

• Fish could accumulate at least one of the organic 
chemicals (chlorinated nitrobenzene) identified in 
Site R groundwater; and 

• Commercial fishing is known to occur in the 
Mississippi River and recreational fishing is 
believed to occur. 

Potential risks flora and fauna were considered significant 
because: 

• The groundwater plume from the landfill released an 
estimated 77 pounds per day of organic chemicals 
into the Mississippi River; and 

• The Mississippi River is an active ecosystem. 

7.1.3 Cancer Risks 

Potential carcinogenic risks associated with realistic exposure 
scenarios for identified receptor groups indicated that the 
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potential excess cancer risks for on-site workers and area 
residents consuming fish were less than 2.7 x 10-7 for all 
pathways combined. Even under worst-case exposure assumptions, 
the estimated excess lifetime carcinogenic risk for all pathways 
combined was 5.7 x 10-6 • Risk assessment results for the 
exposure pathways are summarized below: 

Pathway Worst-Case Exposures Average-Case Exposures 
On-Site Local On-Site Local 
Worker Resident Worker Resident 

Dermal ~ontact 
Surface Materials 4.5 X lo-7 NA (1 6.2 X lo-s NA 
Surface Water 

Adult NA 1.3 X 10-6 NA NA 
Child NA 7.6 X lo-7 NA NA 
Total NA 2.1 X lo-6 NA NA 

IncidentA~ Ingestion 
Surface Materials 8.9 X lo-7 NA 1.2 X lo-7 NA 
Surface Water 

Adult NA 3.4 X 1o-9 

Child NA 8.1 X 1o-9 

Total NA 1.2 X lo-s 
Inhalation 
Volatile Organics 9.5 X lo-7 NA 1.1 X lo-s NA 
Fiah IDSJ•Ition 

Adult NA 8.7 X lo-7 NA 5.2 X 

Child NA 4.9 X 1o-7 NA 2.9 X 

Total NA 1.4 X lo-6 NA 8.1 X 

Total 2. 3 x lo-6 3.4 X 1o-6 1.9 X lo-7 8.1 X 

Overall Total (2 s. 7 x 1o-6 2.7 X 10-7 

Notes: 

1) Not applicable, pathway not available to this receptor 
group. 

(1 

lo-s 
lo-a 
lo-a 
lo-a 

2) Conservatively assumes that a receptor will be exposed via 
all pathways. 

7.2.4 Non-Cancer Risks 

With respect to noncarcinogenic hazards, the analysis indicated 
that the hazard indices for all receptor groups and pathways 
combined were less than one for realistic exposure scenarios. 
Under worst-case assumptions, the combined hazard index was also 
less than one. Risk assessment results for the exposure pathways 
are summarized below: 

32 



Sauget Area 2: Record of Decision 

Pathway Worst-Case Exposures Average-Case-Exposures 

On-Site Local 
Worker Resident 

Dermal Contact 
su.._f:ce Materials 6.2 X 1 o-4 NA 11 

Surface Water 
Adult NA 6.1 X 10-2 

Child NA 2.2 X 10-1 

Incidental Ingestion 
Surface Materials 2.2 X 1 o-3 NA 
Surface Water 

Adult NA 1.7 X 1 o-4 
Child NA 2.3 X 10-3 

Inha~ation 

Volatile Organics 5.0 X 1 o-3 NA 

Fish Ingestion 
Adult NA 5.4 X 10-2 

Child NA 1.7 X 10-1 

Total Adult 7.9 X 10-3 1.1 X 1o-1 

Total Child NA 3.9 X 10-l 

Overall Total c
2 5.1 X 10-1 

Notes: 

On-Site 
Worker 

3.1 X 1 o-~ 

NA 
NA 

1.1 X 1 o-l 

2:1 X 10- 4 

NA 
NA 

1.6 X 10-3 

NA 

·Loca~ 

Resident 

- NA '· 1 

3.0 
1.0 

3.0 
1.0 

NA 
NA 

NA 

NA 

X 

X 

X 

X 

10- 3 

1 o- 2 

10-3 

10-2 

1.5 X 10-2 

1) Not applicable, pathway not available to this receptor 
group. 

2) Conservatively assumes that a receptor will be exposed via 
all pathways. 

7.2 ECOLOGICAL RISK ASSESSMENT 

7.2.1 Dynamac (1994) 

In 1994, as part of the Human Health Risk Assessment prepared for 
the Site R RI/FS, Dynamac and Geraghty & Miller also prepared an 
Ecological Risk Assessment using data collected during the RI 
required by the IEPA AOC. Using data from prior site 
investigations, the risk assessors identified 29 chemicals of 
potential concern (COPCs) . 
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Potential risks to flora and fauna were considered significant 
because: 

• The groundwater plume from the landfill released an 
estimated 77 pounds per day of organic chemicals 
into the Mississippi River; and 

• The Mississippi River is an active ecosystem. 

The Dynamac and Geraghty & Miller Ecological Risk Assessment 
evaluated potential hazards to terrestrial biota qualitatively. 
Due to the poor habitat available to support terrestrial 
wildlife, the presence of a clay cap on the landfill and the 
highly industrialized nature of the study area, pdtential 
terrestrial-wildlife exposures were likely to be limited. 
Consequently, risks to terrestrial organisms were likely to be 
limited. 

Potential risks to aquatic organisms associated with groundwater 
releases to surface water were assessed quantitatively. This was 
done through acute toxicity bioassays for five species exposed to 
groundwater collected from three perimeter wells. Chronic 
toxicity bioassays were done for the most sensitive species 
tested. Bioassay results were used to derive a no observed 
effects concentration (NOEC) for site groundwater. This data, 
coupled with data on groundwater and surface-water flow rates, 
was used to derive an aquatic hazard index as a theoretical 
estimate of the potential hazards to aquatic organisms. 
Utilizing a safety factor of 10, the aquatic hazard index was 
found to equal 4.4 under average river flow conditions with no 
assumption for attenuation of toxicity with downstream distance 
or losses of toxic chemicals due to volatilization, adsorption, 
etc. 

Aquatic hazard index values greater than one suggested that, 
within the limitations of the methodology used to derive this 
number, potential impacts to aquatic life associated with 
contaminated groundwater being released to the river could not be 

-ruled out. Two conservative assumptions were used in calculating 
these results: 

• Application of a ten-fold safety factor to provide a 
margin of safety for more sensitive species than 
those ?sed in the groundwater bioassays; and 

• Use of a simple dilution model to estimate 
constituent concentrations in_surface water. 
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Although the data indicate that groundwater flowing into the 
river could have a potential impact on aquatic organisms, actual 
impacts were unknown. Testing of river water downstream of the 
American Bottoms Regional Treatment Facility outfall indicated 
that aquatic toxicity could not be measured by use of standard 
bioassay techniques in samples of river water collected 
immediately adjacent to the landfill. Furthermore, the data 
indicated that attenuation of toxicity is likely to be 
significant. 

Acute toxicity studies of river water samples collected near the 
landfill suggested that attenuation of toxicity was likely to be 
rapid. 

7.2.2 Environmental Science and Engineering (1995) 

Environmental Science and Engineering's Amherst, New Hampshire 
office completed an ecological risk assessment for Site R in May 
1995. The purpose of this risk assessment was to evaluate the 
potential for any adverse effects that constituents from the site 
might have on downstream ecological receptors within or depended 
upon the Mississippi River. 

A reconnaissance of Site R and surrounding area was performed on 
May 6, 1994. With the exception of a few trees, no natural 
(undisturbed) habitat appeared to remain on the site nor were any 
jurisdictional wetlands present. Birds were the only animals 
identified on site at the time of the visit. From the standpoint 
of terrestrial ecology, it was determined that all of the 
following factors precluded inclusion of a terrestrial component 
in the Ecological Risk Assessment: 

• Presence of at least two feet of clean cap material; 
• Lack of food and/or sparse vegetative cover; 
• Low probability for recruitment of terrestrial species 

from surrounding areas; and 
• Disturbed nature of the available habitat. 

As a natural resource, the Mississippi River is considered very 
important. However, the urban environment between Sauget and St. 
Louis and the physical (e.g. docks, barges and transfer stations) 
and the chemical (e.g. the ABRTF outfall) disturbances in the 
river could lead to defining this reach as a stressed ecosystem. 
Rip-rap along the western edge of the site provided shoreline 
stability but less than adequate riparian habitat for wetland
dependent birds or mammals. Organic chemicals in groundwater and 
the potential for migration to the Mississippi River presented an 
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exposure pathway and potential risk to aquatic biota. This 
potential migration pathway and risk were· the focus of the 
Ecological Risk Assessment. Only impacts to aquatic receptors 
that were directly or indirectly dependent on the river were 
considered in this assessment. Aquatic biota residing within or 
dependent on the Mississippi River downstream of Site R were 
considered the ecosystem at risk for this risk assessment. 

With the exception of three constituents (Naphthalene, 4-
nitrodiphenylamine and 2,4-D), SVOCs observed in soil and 
groundwater at Site R consisted primarily of four classes of 
compounds: Anilines, Chlorobenzenes, Phenols and Nitroaromatics. 
Some of these constituents were considered to have the potential 
to cause adverse acute and/or chronic effects in fish and other 
aquatic biota. The central question of the risk assessment was 
"Do the concentrations of individual CO[P]Cs in the Mississippi 
River predicted by the groundwater-flow model meet or exceed 
currently available criteria, standards, or toxicity endpoints 
for surface water and sediment?". 

All of the conservatively derived Hazard Indices for surface 
water and sediment were below 1.0. Therefore, the COPCs 
associated with Site R posed no apparent threat to aquatic biota. 

In the uncertainty analysis, ES&E stated that: 

"Realistically, concentrations of COPCs in the Mississippi 
River would be expected to be higher in surface water and 
sediment near the landfill as this assessment assumed 
"immediate" mixing across the river. However, a mixing zone 
study conducted for the American Bottoms Regional Wastewater 
Treatment Facility in Sauget indicated that mixing for a 
point source would be vertically complete approximately 1000 
feet downstream of the release. As the release from the 
Site R landfill is a diffuse source, the mixing would be 
more efficient, and any putative impacts to biota would be 
very localized." 

7.2.3 Manzia~Cura (2001) 

Study Area - In June 2001, Menzie-Cura and Associates completed a 
Baseline Ecological Risk Assessment for the Mississippi River 
immediately downgradient of Site R. This baseline ecological 
risk assessment for the aquatic habitat adjacent to the W.G. 
Krummrich plant in Sauget, Illinois addressed surface water and 
sediment in the Mississippi River adjacent to Sauget Area 2 Site 
R (Figures 7-1, 7-2, 7-3 and 7-4). Study area boundaries, which 
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extended approximately 2000 feet along the riverbank and 300 feet 
into the river channel, were defined during a reconnaissance 
survey completed in September 2000. The study area, defined 
using screening-level VOC analyses of sediment samples, is 
referred to as the Plume Discharge Area throughout the ecological 
risk assessment. In general, the study area is bounded by steep 
emban~ments lined with rip-rap. A few scattered structures, such 
as a wing dam and a sunken barge, offer some access points for 
aquatic birds and mammals and potential protection for fish. 
There were no bordering wetlands or appreciable bordering 
vegetation. No submerged or emergent vegetation was observed at 
the study area. 

Surface water, sediment and fish tissues samples were collected 
in October and November 2000. River gage height varied from 2.03 
feet to 0.08 feet, river depths ranged from 4 to 14.5 feet and 
flow varied from 78,800 to 97,500 cubic feet per second during 
the sampling effort. Both flow and gage height were below annual 
average for 2000: 

Maximum 
Average 
Minimum 

Mean Gage Height 
(Feet) 
25.38 

6.04 
- 2.39 

Mean Stream Flow 
(Feet) 

387,000 
135,716 

65,000 

Reference areas were also selected during the ecological site 
reconnaissance and during the main sampling event. They were 
selected to represent industrial habitat comparable to the study 
area. One reference area with two sampling stations, one with 
coarse sediments and one with silty sediments, was located 
upstream of the study area just north of the old power plant and 
south of a railroad bridge. The shoreline is less obstructed 
than at the study area with the upland portion vegetated and 
grading into a sandy shoreline. A second reference area, also 
with one coarse sediment sampling station and one silty sediment 
sampling station, was located downstream near the Cahokia Chute 
and Arsenal Island. This reference area consists of a large sand 
bar, less-developed uplands, banks that provide direct access to 
the river and a number of partially-sunken snags. The upstream 
reference area is referred to as Upstream from the Plume 
Discharge Area (UDA) and the downstream reference area is 
referred to as Downstream from the Plume Discharge Area (DDA). 
All three habitats (PDA, UDA and DDA) are located in an 
industrialized area and there are a number of coal, grain and 
other barge terminals upstream of all the sampling areas. 
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Coarse sediment sampling stations contained over 90% fine to 
medium sand. Silty sediment sampling stations within the study 
area, UDA and DDA had similar clay components although the study 
area stations had a larger fine sand component. Coarse sediment 
TOC ranged from 324 to 700 mg/kg dry weight while silty sediment 
TOC ranged from 2,805 to 11,800 mg/kg dry weight. Dissolved 
oxygen, TDS and turbidity ranged from 7.62 to 10.57 mg/1, 287 to 
367 mg/1 and 34.4 to 55.6 NTU. 

Analytical Data - Surface water, sediment and fish tissue 
analytical data are summarized in Tables 5-l, 5-2 and 5-3, 
respectively. Fish tissue data are summarized by species and by 
area in Table 5-4. 

Three trophic levels of fish were sampled in the plume release 
area and in the upstream and downstream reference areas: 1) 
bottom feeder, 2) forager and 3) predator. Analytical results 
are summarized in Table 7-1. These results represent maximum 
detected concentrations of constituents present in whole body 
fish tissue samples collected in the plume release area. Results· 
from whole body fish tissue samples collected upstream and 
downstream of the plume release area are also included in this 
summary. As can be seen from these data, eight constituents were 
only detected in the plume release area. Three SVOCs were only 
detected in fish tissue samples collected in the plume release 
area: 1,2-Dichlorobenzene; 1,4-Dichlorobenzene; and 2,4-
Dichlorophenol. None of these concentrations exceed Toxicity 
Reference Values (TRVs). One herbicide, MCPP (Methyl 
Chlorophenoxy Propionic Acid) was only detected in the plume 
release area samples. Its maximum concentration in fish tissue 
was 8,600 ppb. MCPP is a broadleaf herbicide currently 
registered·for use. LC50s for rainbow trout, sunfish and 
bluegill are 125 ppm, >100 ppm and 92 ppm, respectively. 
Reported biocentration factors (BCFs) range from 122 to 141 (low 
to moderate potential for bioaccumulation) . Four pesticides were 
only detected in fish tissue samples from the plume release area: 
4,4,4-DDD (6.7 ppb); alpha BHC (2.6 ppb); Endrin (15 ppb) and 
Heptachlor epoxide (5.3 ppb). Concentrations of 4,4,4-DDD; 
Endrin and Heptachlor epoxide were below their respective TRVs. 
There is no TRV for alpha BHC. PCBs were not detected in any of 
the fish tissue samples. 

Toxicity Data - Surface water and sediment toxicity test results 
are summarized in Table 5-5. Benthic invertebrate community data 
are included in Table 5-6. 
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Sediment and surface water samples were collected at nine 
sampling stations in the Plume Discharge Area and acute and 
chronic toxicity testing were performed on these samples. Of 
these nine sampling stations, three showed benthic organism 
toxicity and three showed lotic organism toxicity: 

Sediment Surface Water 

Hyallela Fathead Minnow Fathead Minnow Cerodaphnia 

North Sampling Transect 
PDA - 8 No No 
PDA - 9 No Yes 12 

Yes 13 

PDA - 10 No No 

Center Sampl.ing Transect 
PDA - 5 Yes 14 Yes 14 

Yes 15 

PDA - 6 No No 
PDA - 7 No No 

South Sampling Transect 
PDA - 2 No No 

PDA - 3 

PDA - 4 

Notes: 

No 

No 

Yes 12 

Yes 13 

No 

1) Chronic Toxicity - Reproduction 
2) Chronic Toxicity - Survival 
3) Chronic Toxicity - Growth 
4) Acute Toxicity - Survival 
5) Acute Toxicity - Growth 

No 
No 

No 

No 

No 
No 

No 

No 

No 

Yes 11 

Yes 11 

No 

Yes 11 

No 
No 

Yes 14 

Yes 12 

Yes 11 

Yes 14 

Yes 11 

Yes 12 

Yes 14 

Yes 11 

Yes 12 

Exposure Pathways - Potential complete exposure pathways in the 
study area include: 

• Sediment to benthic invertebrates via direct contact and 
ingestion; 
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• Surface water to invertebrates and fish through direct 
contact and ingestion; 

• Benthic biota to higher order predators (e.g. fish) through 
the food chain; and 

• Fish to piscivorous fish, mammals and birds via ingestion. 

Species selected as potential receptors represent the ecological 
community and its sensitivity to the contaminants of concern and 
were arrived at based, in part, on knowledge of the area and on 
discussions with EPA and local professional fishermen. The 
ecological receptors selected for evaluation included: benthic 
invertebrates as a prey base for fish, local fin fish, great blue 
heron, osprey and river otter. In this assessment, drum, gizzard 
shad and channel catfish represent major groups of fish in the 
Mississippi River. They represent a bottom feeder, forage fish 
and a predator/omnivore bottom-feeding fish, respectively. 

Assessment Endpoints - Two assessment endpoints were used in this 
ecological risk assessment: 1) sustainability (survival, growth 
and reproduction) of warm water fish species typical of those 
found- in similar habitats (incorporates the assessment of aquatic 
invertebrates); and 2) survival, growth and reproduction of local 
populations of aquatic wildlife represented by osprey, great blue 
heron and river otter. 

Constituents of Potential Concern - COPCs included the following 
constituents: 

Sediment Water 
VOCs 

Acetone • 
Benzene • • 
2-Butanone • 
Carbon Disulfide • 
Chlorobenzene • • 
Chloroethane • 
Chloroform • 
1,2-Dichloroethane • • 
cis-1,2-Dichloroethene. • 
Ethylbenzene • • 
Methylene Chloride • 
4-methyl-2-Pentanone • • 
Tetrachloroethylene • 
Toluene • • 
Trans-1,2-Dichloroethylene • 
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Trichloroethylene 
Vinyl Chloride 
Xylenes 

SV9~-~ 

Sediment 

• • 
• 

4-iromophenylphenylether • 
4-Chloroaniline • 
2-Chlorophenol • 
1,2-Dichlorobenzene • 
1,4-Dichlorobenzene • 
2,4-Dichlorophenol • 
2,4-Dimethlyphenol • 
2,4-Dinitrotoluene • 
2-Methylphenol 
3-Methylphenol • 
4-Methylphenol • 
Naphthalene • 
2-Nitroaniline • 
Nitrobenzene 
Phenol • 
2,4,6-Trichlorophenol • 

Pesticides 
alpha-BHC 
alpha-Chlordane 
gamma-Chlordane 
4,4'-DDD • 
4,4'-DDE 
4,4'-DDT 
Dieldrin 
Endosulfan I 
Endrin 
Endrin aldehyde 
Heptachlor epoxide 

Herbicides 

2,4-D • 
Dicamba 
Dichloroprop • 
MCPP • 
Pentachlorophenol • 
2,4,5-T 
Silvex 

Dioxin • 
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• 
• 

• 
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• • 

• 
• • 

• • • 
• 
• 
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Surface Water and Sed~ent Impact - The only COPCs in surface 
water that exceeded available guidelines (Tier II secondary 
chronic) were dioxin TEQs (Toxicity Equivalency Quotients) for 
mammals and birds at all study area stations and reference 
stations and m&p xylene at one PDA station. A conclusion of no 
significant risk from exposure to these COPCs could not be made 
based on the guideline comparison. 

Sediment and surface water toxicity tests for analysis of 
survival and growth of fish result in toxicity at certain 
stations. The sediment toxicity tests indicated a significant 
reduction in survival at .sand stations PDA-5 and PDA-9 and silt 
station PDA-3 (and PDA-3FD) in reference to controls; all three 
stations also resulted in a significant reduction in survival in 
comparison to all other study area, UDA and DDA stations except 
DDA-13 (sand). PDA-5 is 50 feet from shore on the middle 
transect, PDA-9 is 150 feet from shore on the northern transect 
and PDA-3 is 150 feet from shore on the southern transect. VOCs 
and herbicides (2,4-D, MCPP) are elevated at these stations. No 
significant'reduction in growth was observed, excluding PDA-5, 
PDA-9 and PDA-3 (3FD). The surface water toxicity tests resulted 
in a significant reduction in survival at seven days in reference 
to laboratory controls for both downstream reference areas. The 
sediment fish toxicity tests indicate potential reductions in 
survival for fish exposed to study area sediment with effects 
localized to samples approximately 150 feet from shore or less. 

The components of the sediment triad include the sediment COPC 
screening, benthic community analysis and benthic invertebrate 
sediment toxicity testing. The COPC screening resulted in one 
guideline exceedance for naphthalene. The naphthalene . 
concentration in sediment at PDA-3 exceeded the TEC (Threshold 
Effects Concentration). Risk due to guidelines exceedances is 
low, however, there are a number of compounds without applicable 
guidelines. The benthic community analysis was confounded by the 
high-energy conditions of the environment at study area (coarse 
grain and high current exposure). The study area benthic 
community included few taxa and low abundance. A similarly 
sparse community was found in the UDA samples. The DDA samples 
included a greater diversity and abundance. ~ecause observations 
are confounded by the high-energy nature of the environment, this 
component of the triad is in~onclusive .. Because of the nature of 
the environment,· the benthic community was predicted not to be a 
significant component of the fish prey base. Plankton, drift and 
periphytic communities are likely to be more important components 
of the fish prey base. Finally, the sediment toxicity tests with 
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a benthic invertebrate resulted in a significantly lower survival 
in POA-5 compared to the laboratory control and all other sand 
study area, DDA and UDA stations. No silt stations resulted in a 
significant reduction in survival. Growth was not significantly 
lower in all stations with the exception of PDA-5. PDA-5 is 
approximately 50 feet from shore and has elevated VOCs 
(clorobenzene, xylenes) and herbicides (2,4-0, MCPP and 
dichloroprop) . The sediment triad component, toxicity testing, 
indicates impairment of the benthic community from exposure to 
sediments at POA-5. 

Surface water toxicity testing for the planktonic invertebrate, 
Ceriodaphnia dubia, resulted in significantly lower survival at 2 
days and 7 days at PDA-2, POA-2FO, PDA-3 and PDA-4 compared to 
control samples and all other samples. Both POA -2 and PDA -2FD 
resulted in 0% survival at Day 2. Stations PDA-2 through PDA-4 
comprise the southern, silty transect in the study area (50, 150 
and 300 feet from shore, respectively). These stations have 
elevated SVOCs (4-chloroaniline), VOCs (chlorobenzene) and 
herbicides (2,4-0). Reproduction also was significantly reduced 
at PDA-5 (50 feet from shore on the middle transect) compared to 
the controls and all other stations, and at PDA-8 and PDA-9 in 
reference to two controls, but not the reference areas. The 
surface water planktonic invertebrate tests indicate a potential 
risk to planktonic invertebrates in terms of survival, and at one 
station, reproduction. However, it was assumed that water-column 
plankton were exposed to surface water at the sediment/surface 
water interface. The toxicity test exposures the plankton to 
this surface water for seven days. This is a conservative 
assumption because the surface water in the study area undergoes 
dynamic mixing and dilution continuously and water column 
plankton integrate exposures throughout the water column in the 
high energy environment. 

Fish Impact - Several COPCs including dioxin, herbicides, 
pesticides and SVOCs were detected in fish from the study area at 
concentrations higher than those detected in fish from the UDA 
and/or the DDA reference areas, indicating that fish at the study 
area have a higher exposure. Of the COPCs detected in fish 
tissue, the study area fish tissue concentrations with available 
TRVs (Toxicity Reference Values) do not exceed the No Effect 
TRVs. However, TRVs are not available for some COPCs, 
particularly the phenoxy herbicides. For those compounds without 
TRVs, the comparison indicates that study area fish have a higher 
exposure than reference fish for a subset of detected COPCs. 
There is some uncertainty in this line of evidence because of the 
lack of TRVs for some compounds. 
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Fish species are at risk from direct exposure to study area 
sediments and due to threats to the prey base in sediment and 
surface water based on toxicity test results. However, based on 
the benthic survey information, the physical environment inherent 
to the Mississippi River under high-energy conditions reduces the 
importance of the benthic community as a prey base for fish 
communities. Planktonic invertebrates do serve as a prey base 
for fish species, however, the assessment assumes that they are 
exposed to dynamic water concentrations reflecting dilution and 
dispersion in the high-energy environment. Direct comparisons of 
COPC concentrations to guidelines indicate limited risk from 
exposure to a few compounds. Study area -specific COPCs, such as 
MCPP (Methyl Chlorophenoxy Propionic Acid), are present in study 
area sediment and fish tissue and are not detected in UDA or DDA 
samples indicating that the compounds are accumulating. 

Wildlife Zmpact - Wildlife observations, specifically fish 
diversity, is similar at the study area, DDA and UDA. Habitat 
between these areas differs physically (~tudy area steep and 
rocky shoreline) which may affect wildlife use, but this 
difference is not due to COPC concentrations. Comparison of COPC 
concentrations in surface water to wildlife drinking water 
benchmarks (NOAELs) indicated that no COPC for which there is a 
benchmark exceeded that benchmark. 

Analysis of wildlife (birds and mammals) that utilize fish as a 
prey base and may be incidentally exposed to study area surface 
water and/or sediment and consume fish indicates that there is no 
significant risk of harm from exposure to study area media for 
any COPC with a TRV. However, no TRV was a~ailable for MCPP and 
other phenoxy herbicides and COPCs. MCPP is detected in study 
area sediment and fish tissue, but not in DDA or UDA sediment or 
fish tissue. Therefore, there is some uncertainty in this 
endpoint. 

The analysis of potential risk to local populations for wildlife 
as represented by two bird and one mammal receptor species 
exposed to study area sediment, surface water and fish tissue 
indicates a low potential for risk. Observations dq not indicate 
clear impacts to wildlife populations utilizing the study area. 

In general, the impacts occur within 300 feet of shore. The 
toxicity tests indicate toxicity at four stations within 150 feet 
of s~ore. The surface water at one station, PDA-4, results in 
water column toxicity and is located approximately 300 feet from 
shore. This station is located downstream from the wing dam and 
is somewhat·protected from river currents. 
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Summary - Menzie-Cura's Ecological Risk Assessment indicates 
that: 

• Fish species are at risk from exposure to sediment based 
on the results of toxicity testing; 

• Fish prey, such as planktonic invertebrates, are at risk 
from exposure to surface water based on toxicity tests. 
Planktonic invertebrates do serve as a prey base for fish 
species, however, the assessment assumes that they are 
exposed to surface water at the sediment-surface water 
interface. In reality, they are exposed to dynamic water 
concentrations reflecting dilution and dispersion in the 
high-energy riverine environment. Benthic organisms are 
also at risk from exposure to sediment based on 
laboratory toxicity tests. However, the inherent high
energy physical environment in the study area in the 
Mississippi River limits the number of benthic 
invertebrates. Therefore, benthic invertebrates are not 
abundant and are not considered an important prey 
component for fish at the study area. 

• Fish are accumulating compounds, specifically MCPP 
[methyl-chlorophenoxy-propionic acid], detected in study 
area sediments but not detected in reference sediments. 

• There is a low potential risk to wildlife foraging on the 
media (sediment, surface water and fish) in the study 
area. 

• There are a number of compounds without applicable 
sediment, surface water or tissue guidelines. 
Comparisons of study area concentrations to reference 
concentrations indicate that a subset are found in 
concentrations in study area media that exceed the 
concentrations in reference media. 

• In general, the impacts occur within 300 feet of the 
shoreline. All toxicity tests resulting in potential 
toxicity occurred within 150 feet of shore, with the 
exception of one station (PDA-4) at 300 feet. This 
station is located downstream of the wing darn in an area 
where surface waters are more protected from the strong 
currents. 

• VOCs, SVOCs, and one herbicide are elevated at the 
surface water stations with toxicity, and VOCs, and 
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herbicides ~r~ elevated at the sedirii.€nt stations with 
toxicity. 

7.3 BASIS FOR RESPONSE ACTION 

While the human health risk assessment for Site R indicated there 
is no unacceptable risk to human receptors due to site-related 
COCs, the June 2001, Menzie-Cura and Associates ecological risk 
assessment revealed that fish species are at risk from exposure 
to sediment, fish prey are at risk from exposure to surface 
water, and a number of compounds found in sediment, surface water 
and fish tissue were not found in reference areas. As such, 
actual or threatened releases of hazardous substances from this 
Site, if not addressed by implementing the response action 
selected in this ROD, may present an imminent and substantial 
endangerment to public health, welfare, or the environment. 

8. INTBRIM RBMBDIATION OBJECTIVES 

Based on the risks associated with the releas.e of impacted 
groundwater to surface water downgradient of Sauget Sites 0, Q 
(dog leg), and R; Sauget Area 1 Site I; the W.G. Krummrich plant, 
Clayton Chemical Facility and other industrial facilities in the 
Sauget area, the following Remedial Action Objectives were 
identified for the Interim Groundwater Remedial Action: 

• Protection of aquatic life in surface water and sediments 
from exposure to site contaminants; 

• Prevent or abate actual or potential exposure to nearby 
human populations (including workers), animals or the 
food chain from hazardous substances, pollutants or 
contaminants; 

• Prevent or abate actual or potential contamination of 
drinking water supplies and ecosystems; 

• Achieve acceptable chemical-specific contaminant levels, 
or range of levels, for all applicable exposure routes; 

• Mitigate or abate the release o.f contaminated groundwater 
in the plume area to the Mississippi River so that the 
impact is "insignificant" or "acceptable" as required by 
the May 3, 2000 W.G. Krummrich RCRA AOC (EPA Docket No. 
RSH-5-00-003). 
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An Interim Groundwater Remedy can be implemented to abate aquatic 
impacts while the Sauget Area 2 RI/FS is being performed to 
evaluate remedial alternatives that will abate impacts on 
groundwater. Once the Sauget Area 2 RI/FS is completed, a Final 
Groundwater Remedy will be selected. 

Mass loading, gradient control and sediment and surface water 
monitoring are appropriate performance measures for the Interim 
Groundwater Remedy remedial action objectives outlined above. 

9. DESCRIPTION OF ALTERNATIVES 

This Section provides a narrative summary of each alternative 
evaluated to address the release of contaminated groundwater to 
the Mississippi River. An ecological risk assessment performed 
in June 2001 indicates there is an adverse impact on the 
Mississippi River resulting from the release of groundwater from 
Sauget Area 2 Sites 0, Q (dog leg), and R; Sauget Area 1 Site I; 
the W.K. Krummrich plant, the Clayton Chemical Facility, and 
other industrial facilities in the Sauget area. Based on this 
risk assessment, it is appropriate to take an Interim Remedial 
Action to protect the Mississippi River before the Sauget Area 2 
RI/FS is completed, the Sauget Area 1 ROD is issued and the RCRA 
Corrective Measures Study is performed for the Krummrich plant. 
An engineered barrier located at the downgradient edge of the 
impacted groundwater plume is the only effective interim remedy 
that will achieve the objective of protecting the Mississippi 
River. For that reason, only three alternatives were compared in 
this Focused Feasibility Study and summarized below. 

~ternative 1 - No Action 

The "No Action" alternative represents a baseline against which 
the effectiveness of other groundwater alternatives can be 
compared. This alternative includes no actions to abate the 
impact of groundwater being released to surface water 
downgradient of Sauget Area 2 Site R. Implementation of a No 
Action alternative will not protect the Mississippi River from 
adverse ecological impact due to the release of impacted 
groundwater to surface water and will not address the primary 
potential risk to human health. In addition, a No Action 
alternative is unlikely to be effective or permanent in the long
term because it does not provide for treatment beyond that 
afforded by natural processes. Th~s alternative is readily 
implementable and there are no costs are associated with 
implementation. 
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Alternative 2 - Physical Barrier, Groundwater Treatment, 
Groundwater Quality MOnitoring, Groundwater 
Level Monitoring, Sediment and Surface Water 
Monitoring, and Institutional Controls 

Physical Barrier- A 3,500 foot long, "U"-shaped, fully 
penetrating, jet grout barrier wall will be installed between the 
downgradient boundary of Sauget Area 2 Site R and the Mississippi 
River to abate the release of impacted groundwater (Figure 9-1). 
It will extend along the entire 2,000 feet north/south length of 
Site R with the arms of the "U" extending approximately 750 feet 
to the east (upgradient), past the eastern boundary of Site Rand 
terminating before the USACE floodwall. Three partially 
penetrating groundwater recovery wells will be installed inside 
the "U"-shaped barrier wall to control groundwater moving to the 
wall. 

Groundwater Treatment - Extracted groundwater will be treat-ed to 
meet all relevant and appropriate discharge requirements. 

Groundwater Quality Monitoring - Groundwater quality samples will 
be collected downgradient of the engineered barrier to determine 
mass loading to the Mississippi River resulting from any 
contaminants migrating through, past or beneath them. 

Groundwater Laval Monitoring - Groundwater level monitoring will 
be done to ensure acceptable performance of the physical barrier. 
Groundwater elevation data from water-level measurement 
piezometers can be used to assess whether or not gradient control 
is achieved if a physical or hydraulic barrier is installed to 
abate the release of impacted groundwater to the Mississippi 
River. 

Sediment and Surface Water MOnitoring - Sediment and surface 
water samples will be collected in the plume release area to 
determine the effect of any contaminants migrating through, past 
or beneath the barrier wall and being released to the Mississippi 
River. 

Institutional Controls - Institutional controls will be utilized 
to limit fishing in the plume release area by limiting site 
access, posting warning signs, and implementing a public 
education program. 
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Alternative 3: Hydraulic Barrier, Groundwater Treatment, 
Groundwater Quality Monitoring, Groundwater Level 
Monitoring, Sediment and Surface Water Monitoring, 
and Institutional Controls 

~his alternative includes groundwater treatment, groundwater 
qualiLy monitoring, water level monitoring, sediment and surface 
water monitoring, and institutional controls previously discussed 
under Alternative 2. 

Hydraulic Barrier - Three partially penetrating groundwater 
recovery wells, capable of pumping a combined total of 606 to 
1,448 gpm, will be installed downgradient of Sauget Area 2 Site R 
to abate the release of impacted groundwater to surface water to 
the point where the impact on the Mississippi River is reduced to 
acceptable levels (Figure 9-2). 

10. COMPARATIVE ANALYSIS OF ALTERNATIVES 

Section 121(b) (1) of CERCLA presents several factors that at a 
minimum EPA is required to consider in its assessment of 
alternatives. Building upon these specific statutory mandates, 
the NCP articulates nine evaluation criteria to be used in 
assessing the individual remedial alternatives. The purpose of 
this evaluation is to promote consistent identification of the 
relative advantages and disadvantages of each alternative, 
thereby guiding selection of remedies offering the most effective 
and efficient means of achieving site cleanup goals. While all 
nine criteria are important, they are weighed differently in the 
decision-making process depending on whether they evaluate 
protection of human health and the environment or compliance ~ith 
Federal and State requirements, standards, criteria, and 
limitations (threshold criteria); consider technical or 
socioeconomic merits (primary balancing criteria); or involve the 
evaluation of non-EPA reviewers that may influence an EPA 
decision (modifying criteria). 

10.1 OVERALL PROTECTION OF HUMAN HEALTH AND THE ENVIRONMENT 

This criterion evaluates whether an alternative achieves and 
maintains adequate protection of human health and the 
environment. Alternative 1 - "No Action" would not provide 
adequate protection to human health and the environment because 
it would not eliminate, reduce, or control the existing threats 
to public health and the environment. The June 2001 Ecological 
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Risk Assessment demonstrated that groundwater being released to 
surface water is adversely impacting sediment and surface water 
in the Mississippi River. In addition, site-specific compounds 
were present in fish tissue collected in this area at higher 
concentrations than were detected in fish tissue collected 
upstream and downstream of the plume release area. Because the 
"No Action" alternative is not protective of human health and the 
environment, it was eliminated from consideration under the 
remaining eight criteria. 

Alternative 2 and 3 would protect the Mississippi River from 
adverse ecological impacts resulting from impacted groundwater 
being released to surface water. Protection will be achieved by 
capturing impacted groundwater that results in surface water and 
sediment.toxicity and fish tissue bioaccumulation. Performance 
of groundwater quality, groundwater level and sediment and 
surface water monitoring will ensure that interim remedial action 
objectives are met. These alternatives include institutional 
controls as an added means of protecting human health. 

10.2 CONPLBANCE WITS APPLICABLE OR RELEv.ANT AND APPROPRIATE 
REQUIREMENTS (ARARs) 

Section 12l(d) of CERCLA requires that remedial action at CERCLA 
sites at least attain legally applicable or relevant and 
appropriate federal and State requirements, standards, criteria, 
and limitations which are collectively referred to as "ARARs", 
unless such ARARs are waived under CERCLA section 121(d) (4). 

Applicable requirements are those cleanup standards, standards of 
control, and other substantive requirements, criteria, or 
limitations promulgated under federal environmental or State 
environmental or facility siting laws that specifically address a 
hazardous substance, pollutant, contaminant, remedial action, 
location, or other circumstance found at a CERCLA site. Only 
those standards that are identified by a State in a timely manner 
and that are more stringent than federal requirements may be 
applicable. Relevant and appropriate requirements are those 
cleanup standards, standards of control, and other substantive 
requirements, criteria, or limitations promulgated under federal 
environmental or State environmental or facility siting laws 
that, while not "applicable" to a hazardous substance, pollutant, 
contaminant, remedial action, location, or other circumstance at 
a CERCLA site address problems or situations sufficiently similar 
to those encountered at the CERCLA site that their use is well
suited to the particular site. Only those State standards that 
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are identified in a timely manner and are more stringent than 
federal requirements may be relevant and appropriate. 

Compliance with ARARs addresses whether a remedy will meet all of 
the applicable or relevant and appropriate requirements of other 
Federal and State environmental statutes or provides a basis for 
invoking a waiver. The type of legal requirements applying to 
Superfund responses will differ to some extent depending upon 
whether the activity in question takes place on site or off site. 
Congress limited the scope of EPA's obligation to attain 
administrative ARARs through CERCLA §121(e), which states that no 
federal, State, or local permits are required for on-site 
Superfund response actions. This permit exemption allows the 
response action to proceed in an expeditious manner, free from 
potentially lengthy delays associated with the permit process. 

ARARs are categorized as chemical-specific, location-specific, or 
action-specific. 

Chemical-specific ARARs define acceptable concentrations and are 
used to establish preliminary .remediation goals. State and 
federal surface water criteria and drinking water standards are 
appropriate chemical-specific ARARs for ground-water quality. 
This interim action will only address those risks associated with 
the release of impacted groundwater to surface water identified 
in the 2001 ecological risk assessment. EPA will continue to 
collect the necessary data through the RI/FS process in order to 
develop options for a long-term comprehensive groundwater cleanup 
for Area 2. Due to the limited scope of the interim action, EPA 
will be invoking an interim action waiver of chemical-specific 
ARARs. An interim action waiver is appropriate where a 
requirement that is an ARAR cannot be met as part of the interim 
remedy, but will be attained by the final site remedy. 

Location specific ARARs set restrictions on activities within 
certain locations such as floodplains or wetlands. Alternatives 
2 and 3 would be compliant with location specific ARARs. 

Action-specific ARARs set controls for particular treatment and 
disposal activities related to the management of hazardous waste. 
Alternative 2 and 3 are expected to comply with action-specific 
ARARs. 
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10.3 LONG-TERM EFFECTIVENESS AND PERMANENCE 

Long-term effectiv.eness and permanence refers to expected 
residual risk and the ability of a remedy to maintain reliable 
protection of human health and the environment over time, once 
clean-up levels have been met. This criterion includes the 
consideration of residual risk that will remain onsite following 
remediation and the adequacy and reliability of controls. 

The long-term effectiveness of Alternative 2 depends on the 
structural integrity of the physical barrier and the continued 
operation of the groundwater extraction system. Following proper 
design and installation, this alternative should effectively 
control the release of contaminated groundwater to surfaqe water. 
Alternative 2 offers the benefit of reducing the reliance of a 
mechanical pumping system that may occasionally fail and that 
would require shutdown for maintenance. The engineered barrier 
would prevent the immediate release of contaminated groundwater 
to the Mississippi River. The effectiveness of Alternative 3 
depends on the integrity of the extraction system; however, 
continuous operation of Alternative 3 should effectively control 
the release of contaminated groundwater into the Mississippi 
River. Monitoring the effectiveness of Alternative 3 would be 
more difficult than Alternative 2 due to the inability to collect 
groundwater quality data outside the influence of the extraction 
system in a down gradient direction. 

·10.4 REDUCTION IN TOXICITY, MOBILITY AND VOLUME THROUGH 
TREATMENT 

Reduction of toxicity, mobility, or volume through treatment 
refers to the anticipated performance of the treatment 
technologies that may be included as· part of the remedy. 

Alternatives 2 and 3 utilize conventional technologies that have 
been proven effective in reducing the toxicity, mobility, and 
volume of contaminated groundwater by providing hydraulic control 
and removal of affected groundwater before it releases to the 
Mississippi River. 

10.5 SBORT-TBRM EFFECTIVENESS 

Short-term effectiveness addresses the period of time needed to 
implement the remedy and any adverse impacts that may be posed to 
workers, the community and the environment during construction 
and operation of the remedy until cleanup levels are achieved. 
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Alternatives 2 and 3 would not pose a substantial risk during 
construction and operation. Short-term risk to workers 
associated with normal construction hazards and potential contact 
with contaminated water will be eliminated through appropriate 
controls and adherence to proper health and safety protocols. 
Investigation-derived waste and purge water produced during well 
devel~Jment and sampling will be managed and disposed of as 
provided for in an appropriate sampling and analysis plan. 
Extracted groundwater will be treated and discharged in 
compliance with all applicable standards and permits. 
Alternative 3 more quickly mitigates the adverse surface water 
impacts resulting from groundwater being released to the 
Mississippi River because it can be implemented sooner than 
Alternative 2. Consequently, Alternative 3 is more effective in 
the short term than Alternative 2. 

10.6 IMPLEMENTABILITY 

Implementability addresses the technical and administrative 
feasibility of a remedy from design through construction and 
operation. Factors such as availability of services and 
materials, administrative feasibility, and coordination with 
other governmental entities are also considered. 

Alternative 3 can be implemented more readily than Alternative 2 
because installation of a physical barrier is not included in 
this alternative. Installing a physical barrier·to depths of 120 
feet will be difficult, but within the capabilities of available 
technology. Both Alternative 2 and Alternative 3 include 
groundwater extraction and treatment. Additional time will be 
required to plan, design, procure and install the extraction and 
treatment system. Both of these alternatives are implementable 
with conventional materials and equipment. 

10.7 COST 

This criterion includes estimated capital and operation and 
maintenance costs as well as present worth costs. Present worth 
cost is the total cost of an alternative over time in terms of 
today's dollar value. Cost estimates are expected to be accurate 
within a range of +50 to -30 percent. 

The present worth cost for Alternative 2 is $ $26,586,366. The 
present worth cost for Alternative 3 is $50,338,199. Alternative 
3 ($50.3MM) is significantly more expensive than Alternative 2 
($26.5MM) on a 30-year present value basis. A summary of all the 
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alternative's costs is provided below. No costs are associated 
with Alternative 1. 

Project Element Alternative 2 Alternative 3 

(Physical Barrier) (Hydraulic Barrier) 

Institutional Controls $248,181 $248,181 

Monitoring $1,845,527 $1,845,527 

Barrier $7,045,794 $1,023,821 

Groundwater Treatment $17,446,864 $47,220,670 

30-Year Present Value Cost $26,586,366 $50,338,199 

10.8 STATE ACCEPTANCE 

The IEPA has indicated it's intention to concur with the Selected 
Remedy. The Letter of Concurrence will be added to the 
Administrative Record upon receipt. 

10.9 COMMUNITY ACCEPTANCE 

This criterion evaluates whether the local community agrees with 
EPA's analyses and preferred alternative. Very few comments were 
received regarding the Proposed Plan for the Site. Based on its 
communications and contacts with the community, EPA believes the 
community w·ould be supportive of Alternatives 2 or 3. 

11 . SBUCTJID png:ny 

11 .1 SUMMARY OF THE RATIONALE FOR TBB SELECTED REMEDY 

The selected remedy is considered an interim remedial action for 
the groundwater operable unit (OU-2) Sauget Area 2 Site. This 
limited-scope action is intended only to address the release of 
contaminated groundwater into the Mississippi River in the 
vicinity of Site R and the associated risks. Oper'ation of the 
physical barrier and groundwater extraction system will provide 
additional information to be used in developing options for a 
final long-term comprehensive groundwater remedy. 

A final response action to address fully the threats posed by 
conditions at the Sauget Area 2 Site will be taken upon 
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completion of the Sauget Area 2 RI/FS in 2004. The selected 
remedy includes a physical barrier, groundwater treatment, 
institutional controls, groundwater quality, groundwater level 
and sediment and surface water monitoring, is the proposed 
preferred alternative that was identified in the Proposed Plan. 

11.2 DESCRIPTION OF REMEDIAL COMPONENTS 

The major components of the remedy are: 

• Physical Barrier- A 3,500 ft. long, "U"-shaped, fully 
penetrating, jet grout barrier wall will be installed 
between the downgradient boundary of Sauget Area 2 Site R 
and the Mississippi River (Figure 9-1) to abate the release 
of impacted groundwater. The purpose of the barrier wall is 
to minimize the volume of groundwater that has to be 
extracted to ensure equal heads on both sides of the wall. 
It will extend along the entire 2,000 ft. north/south length 
of Site R with the arms of the "U" extending approximately 
750 feet to the east (upgradient), past the eastern boundary 
of Site R and terminating before the U.S. ACE floodwall. 

The barrier wall will be taken to the top of the bedrock 
surface which is expected to be in the range of 120 to 140 
feet deep. The injection holes will be drilled a few feet 
into the rock to ensure that the injection ports are at the 
same elevation as the top of the rock. 

The geometry and installation methods for the wall will be 
optimized during the remedial design. The jet grout system 
allows the physical barrier to be constructed in a number of 
different ways including intersecting panels, half columns, 
and columns. At this time, it appears that the use of 
intersecting panels may best suit the conditions of the 
Site in terms of constructability and ease of installation. 
These panels can vary in thickness between 4 to 6 inches and 
2 feet, and will intersect at a shallow angle with overlap 
past the point of intersection. 

The jet grout wall is expected to produce a continuous 
barrier with minimal gaps. Minor discontinuities may occur 
because of very localized geologic variations. These 
discontinuities, if they exist, are expected to be very 
minor and will not materially affect the performance of the 
system. Larger discontinuities will be identified by the 
QA/QC program and addressed. 
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Quality control measures will include the construction of 
test cells prior to wall construction and evaluation of the 
integrity by performing a pump drawdown·test within the 
cell, pre-drilling the grout injection holes and gauging 
each hole with an inclinometer to ensure verticality, and 
coring the completed panels at regular intervals to check 
for strength and soil-grout consistency. 

The approximate spacing of grout injection points will be 
finalized in the field on the .basis of test panel 
construction. The spacing is dependent on a number of 
variables, including the equipment used by the contractor, 
injection pressures, mix design, and site specific geologic 
conditions. Spacing is anticipated to be somewhere in the 
range of 5 to 10 feet. Only one row of injection points is 
planned since the panel sections will be angled to intersect 
each other. 

• Groundwater Extraction - Three partially penetrating 
groundwater recovery wells, capable of pumping a combined 
total of 303 to 724 gpm, will be installed inside the "U"
shaped barrier wall to abate groundwater moving to the wall. 
Modeling indicates that groundwater is released to the 
Mississippi River for high, average and low river stage 
conditions at 303, 535 and 724 gpm, respectively (Volume II 
- Design Basis and Design) . 

• Groundwater Treatment - Once extracted, the contaminated 
groundwater would be treated and ultimately discharged to 
the Mississippi River .. Several groundwater treatment 
options are currently being evaluated. Selection of the 
actual treatment technologies and the location of the 
treatment system will be determined during the remedial 
design. 

The treatment component of the groundwater alternative will 
utilize presumptive technologies identified in EPA's 
groundwater presumptive strategy, "Presumptive Response 
Strategy and Ex-Situ Treatment Technologies for Contaminated 
Groundwater at CERCLA Site", October 1996, Office of Solid 
Waste and Emergency Response (OSWER) Directive 9283.1-12 
(Appendix C to the ROD) . Since contaminants of concern 
include volatile and semivolatile organic compounds, one or 
more of the presumptive technologies - air stripping, 
granular activated carbon (GAC), chemical/UV oxidation and 
aerobic biological reactors - will be used for treating 
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aqueous contaminants in the extracted groundwater. Other 
technologies may also be needed in the treatment system for 
removal of suspended mineral solids and treatment of vapor 
phase contaminants. The actual technologies and sequence of 
technologies used for the treatment system will be 
determined during the remedial design. Final selection of 
~hese technologies will be based on additional site 
information to be collected during the remedial design. 
Based on this information and sound engineering practice, 
the treatment system shall be designed to attain the 
chemical-specific discharge or pretreatment requirements and 
other performance criteria in compliance with ARARs. Other 
design factors shall include maximizing long-term · 
effectiveness, maximizing long-term reliability (i.e., 
minimizing the likelihood of process upsets}, and minimizing 
long-term operating costs. Treated groundwater would 
ultimately be discharged to the Mississippi River. 

Additional information concerning presumptive technologies 
for the ex-situ treatment component of the remedy is 
provided in OSWER Directive 9283.1-1-12. Descriptions of 
each of the presumptive technologies are presented in 
Appendices D1 through D8, and advantages and limitations of 
each of these technologies are listed in Appendix C4 of this 
directive. 

For the purpose of estimating the approximate cost of the 
treatment component of the selected remedy, it was assumed 
that extracted groundwater would be routed to the American 
Bottoms Regional Treatment Facility (ABRTF} via subsurface 
pipeline which would connect with the Village of Sauget 
trunk sewer leading to the PChem Plant. 

• Groundwater Quality Monitoring - Groundwater quality samples 
will be collected downgradient of the physical barrier to 
determine mass loading to the Mississippi River resulting 
from any contaminants migrating through, past or beneath the 
barrier wall. Groundwater quality samples will be collected 
from four monitoring well clusters and analyzed for VOCs, 
SVOCs, Herbicides, Pesticides and Metals. TOC and TDS will 
also be determined for each sample. Each well cluster will 
consist of monitoring wells screened in the Shallow, Middle 
and Deep Hydrogeologic Units. A total of twelve monitoring 
wells will be installed. Figure 9-1 depicts the planned 
monitoring well network. Groundwater samples will be 
collected quarterly until the final groundwater remedy and 
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associated groundwater monitoring program for the Sauget 
Area 2 Site is in place. Mass loading for each 
hydrogeologic unit will be calculated using average TOC and 
TDS concentration in the unit. Total mass loading to the 
Mississippi River will be determined by summing the mass 
loads for the SHU, MHU and DHU. Total mass loading will be 
plotted over time to track changes in the amount of mass 
being released to the Mississippi River. 

• Groundwater Level Monitorinq - Groundwater level monitoring 
will be done to ensure acceptable performance of the 
physical barrier. Soil samples from the borings completed 
for the purpose of installing water-level piezometers will 
be screened for the presence of NAPL. In addition, existing 
wells downgradient of Sauget ·Area 2 Site R will be measured 
for accumulation of NAPL. 

Groundwater levels will be monitored at the physical barrier 
to determine if gradient control is achieved. Gradient 
control will be determined by: 

Comparing the water-level elevations in pairs of fully 
penetrating water-level piezometers installed at the 
northwest corner of the barrier wall, southwest corner, 
halfway between the south pumping well and the center 
pumping well, and halfway between the north pumping 
well and the center pumping well (Figure 9-1). One 
piezometer of each pair will be installed inside the 
barrier wall and one will be installed outside it. 
Pumping rates will be adjusted so that the water-level 
elevation in the inside piezometer is the same as the 
water-level elevation in the outside piezometer. This 
will ensure that groundwater moving to the physical 
barrier is controlled. Electronic water-level 
recorders will be installed in each piezometer and 
telemetry will ·be used to send the water-level data to 
the pump controller. Groundwater elevations inside and 
outside the barrier wall will be compared by the pump 
controller and pumping rates will be adjusted to 
maintain the same groundwater level elevation inside 
the barrier wall as measured outside the wall. 

Groundwater levels will be measured manually on a 
quarterly basis in existing wells B-218, B-22A, B-24C, 
8-25A, 8~258, 8-26A, 8-268, 8-28A, 8-288 and B-298 to 
supplement gradient control information from the water
level piezometers. 
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• Sediment and Surface Water Monitoring - Sediment and surface 
water samples will be collected in the plume release area to 
determine the effect of any contaminants migrating through, 
past or beneath the barrier wall and being released to the 
Mississippi River. Impact will be determined by comparing 
constituent concentrations to site-specific, toxicity-based, 
protective concentrations derived from existing sediment and 
surface water chemistry and toxicity data. An Apparent 
Effects Threshold approach will be used to derive site
specific, protective constituent concentrations for 
sediments and a Toxic Units approach will be used to derive 
site-specific, protective constituent concentrations for 
surface water. 

Surface water and sediment samples will be collected at 
Sediment Sampling Stations - 2, 3, 4, 5 and 9, where 
toxicity was observed in October/November 2000, and analyzed 
for VOCs, SVOCs, Herbicides, Pesticides and Metals. 
Constituent concentrations will be plotted as a function of 
time and compared to the site-specific, toxicity-based, 
protective concentrations to determine progress toward 
achieving these targets. 

Sediment and surface water sampling will be conducted twice 
a year, once during the summer low flow period and once 
during the winter low flow period, when groundwater being 
released to the Mississippi River is high. 

• Institutional Controls - This alternative includes 
institutional controls in combination with a well-designed 
performance-monitoring program. Institutional controls will 
be utilized to limit fishing ir. the plume release area while 
performance monitoring will be used to evaluate the 
effectiveness of the physical barrier in mitigating or 
abating the release of groundwater to the Mississippi River 
so that the impact is "insignificant" or "acceptable". 

Access to the Mississippi River in the plume release area is 
limited by existing fencing at Site R, a very steep 
riverbank and the absence of public roads leading to this 
area. Additional institutional controls would include 
warning signs posted at the top of the riverbank in the 
plume release area and in nearby river access areas. A 
public education program would be implemented by the 
appropriate government agencies to inform the public that 
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fish in the impacted groundwater release area may contain 
site-related constituents and to assure public awareness of 
the potential risks, if any, that may be associated with 
consumption of fish caught in the plume release area. 

Routine maintenance and inspection of the condition and 
effectiveness of the institutional controls will be 
performed. For estimating purposes, it is assumed that 
inspections will be conducted quarterly. 

11.3 SUMMARY OF TBB BST~TZD RBNEDY COSTS 

The present worth cost for the selected r~medy is $26,586,366. A 
more detailed cost estimate summary for the selected remedy is 
provided in Table 11-1. 

The information in this cost es.timate summary table is based on 
the best available information regarding the anticipated scope of 
the remedial alternative. Changes in the cost elements are 
likely to occur as a result of new information and data collected 
during the engineering design of the remedial alternative. Major 
changes may be documented in the form of a memorandum in the 
Administrative Record file, an ESD, or a ROD amendment. This is 
an order-of-magnitude engineering cost estimate that is expected 
to be within +50 to -30 percent of the actual cost. 

11.4 

The Selected Remedy will greatly reduce the environmental impacts 
associated with the release of contaminated groundwater to the 
Mississippi River in the vicinity of Sauget Area 2 Site R. This 
will be accomplished through the containment and extraction of 
contaminated groundwater downgradient of Sauget Area 2 Site R, 
thereby reducing mass loading to the Mississippi River. 
Reduction of mass loading will abate aquatic organism exposure to 
impacted groundwater, contamination of ecosystems and sediment 
toxicity. The preferred alternative will, in the short term, 
prevent or abate actual or potential human and ecosystem exposure 
to hazardous substances, pollutants and contaminants. In the 
long term, operation of an engineered barrier may achieve 
acceptable chemical-specific contaminant levels downgradient of 
the barrier. Due to the limited scope of the interim action, EPA 
will be invoking an interim action waiver of chemical-specific 
ARARs. Chemical-specific ARARs define acceptable concentrations 
and are used to establish preliminary remediation goals. Aquifer 
restoration, which will be evaluated in the Sauget Area 2 RI/FS, 
is not within the scope of the interim remedial action. 
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12. STATUTORY DETERMINATIONS 

Based on information currently available, EPA believes the 
Preferred Alternative meets the threshold criteria and provides 
the best balance for tradeoffs among the other alternatives with 
re~pect to the balancing and modifying criteria. The EPA expects 
the ~~eferred Alternative to satisfy the following statutory 
requirements of CERCLA Section 12l(b): (1) be protective of human 
health and the environment; (2) comply with ARARs (or justify a 
waiver); and (3) be cost-effective. Although this interim action 
is not intended to address fully the statutory mandate for 
permanence and treatment to the maximum extent practicable, this 
interim action does utilize treatment and thus supports the 
statutory mandate. Because this action does not constitute the 
final remedy for the Sauget Area 2 Groundwater Operable Unit, the 
statutory preference for remedies that employ treatment that 
reduces toxicity, mobility, or volume as a principal element, 
although partially addressed in this remedy, will be addressed by 
the final response action. 

12.1 PROTECTION OF HUMAN HEALTH AND THE ENVIRONMENT 

The Selected Remedy will protect the Mississippi River from 
adverse ecological impacts resulting from impacted groundwater 
being released to surface water. Protection will be achieved by 
capturing impacted groundwater that results in surface water and 
sediment toxicity and fish tissue bioaccumulation. Performance 
of groundwater quality, groundwater level, sediment and surface 
water monitoring will ensure that remedial action objectives are 
met. 

Implementation of institutional controls can reduce and/or 
control impact on human health by warning the public of the 
potential risks associated with eating fish caught in the plume 
release area. 

12.2 COMPLIANCE WITH APPLICABLE OR RELEVANT AND APPROPRIATE 
REQUIREMENTS (ARARs) 

The Selected Remedy will comply with all federal and any more 
stringent State ARARs that pertain to the Site. 

12.2.1 Chemical-Specific ARARs 

Chemical-specific ARARs define acceptable concentrations and are 
used to establish preliminary remediation goals. State and 
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federal surface water criteria and drinking water standards are 
appropriate chemical-specific ARARs for ground-water quality. 
Brief descriptions of the relevance and applicability of 
chemical-specific ARARs for groundwater are summarized in the 
following table: 

40 CFR 141.61 

40 CFR 141.62 

40 CI'R 264.92 

Description 

MCLs for organic chemicals for 
drinking water 

MCLs for inorganic chemicals for 
drinking water 

Establishes groundwater 
protection standards for 
hazardous waste treatment and 
disposal facilities 

40 Cr.R 264.94 Establishes maximum 
concentration limits. Provides 
for establishment of alternate 
limits for groundwater 
protection 

40 CFR 264.95 Establishes point of compliance 
for which groundwater quality 
standards apply 

35 LAC 620 Defines classes of groundwater 
within the State of Illinois 

35 ZAC 620.410 Establishes numeric groundwater 
quality standards for Class I 
Potable Groundwater 

35 ~ 620.250 Provides for establishment of a 
groundwater management zone to 
mitigate impairment 

35 IAC 620 Establishes groundwater quality 
Subpart D standards for classes of 

groundwater. Provides for 
establishing alternative 
groundwater quality standards 
for any chemical constituent in 
a groundwater management zone 
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Applicable 



Sauget Area 2: Record of Decision 

This interim action will only address those risks associated with 
the release of impacted groundwater to surface water identified 
in the 2001 ecological risk assessment. EPA will continue to 
collect the necessary data through the RI/FS process in order to 
develop options for a long-term comprehensive groundwater cleanup 
for Area 2. Due to the limited scope of the interim action, EPA 
will be invoking an interim action waiver of chemical-specific 
ARARs. An interim action waiver is appropriate where a 
requirement that is an ARAR cannot be met as part of the interim 
remedy, but will be attained by the final site remedy. 

12.2.2 Location-Specific ARARs 

Location specific ARARs set restrictions on activities within 
certain locations such as floodplains or wetlands. A brief 
description of the relevance and applicability of location
specific ARARs is summarized in the following table: 

ARAR Description 

40 CFR Part 6 Requires Federal agencies to 
and Appendix A evaluate the potential effects 

of actions to avoid adversely 
impacting flood plains 

12.2.3 Action-Specific ARARs 

Applicability 

Applicable 

Action-specific ARARs set controls for particular treatment and 
disposal activities related to the management of hazardous waste. 
Brief descriptions of the relevance and applicability of 
action-specific ARARs are summarized in the following table: 

ARAR Description Applicability 

40 CFR 125 Establishes technology-based Applicable 
limits for direct discharge of 
treatment system effluent 

40 CFR 402 Controls the direct discharge Applicable 
of pollutants to surface waters 
through the National Pollutant 
Discharge Elimination System 
(NPDES) program 
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ARAR Description 

40 CFR 403.5 Specifically prohibits the 
direct discharge of pollutants 
to a publicly-owned treatment 
works without treatment, that 
interfere with operations, or 
that contaminate sludge 

29 CFR 1910.120 Standards for conducting work 
at hazardous waste sites 

29 CFR 1926 OSHA safety and health 
standards 

35 LAC 306.302 Standards for expansion of 
existing or establishment of 
new combined sewer service 
areas 

Applicability 

Applicable 

Applicable 

Applicable 

Relevant and 
Appropriate 

35 LAC 307.1101 Sewer discharge criteria that Applicable 
prohibit entry of certain types 
of pollutants into a POTW 

35 XAC 309.102 A NPDES permit is required for Applicable 
any discharge to the waters of 
the State of Illinois 

35 IAC 309.202 A State Construction permit is Applicable 
required for new sewer and 
wastewater sources 

Appropriate ARARs will depend on the type of treatment process 
selected and whether the treatment and discharge occur on site or 
off site. Pursuant to Section 121(e) of CERCLA, uno Federal, 
State, or local permit shall be required for the portion. of any 
removal or remedial action conducted entirely onsite, where such 
remedial action is selected and carried out in compliance with 
this section." Both the treatment process and the onsite/offsite 
determination will be made during the remedial design and the 
appropriate ARARs will be applied at that time. 

12.3 COST-EFFECTIVENESS 

The Selected Remedy is cost-effective and represents a reasonable 
value for the money to be spent. In making this determination, 
the following defini.tion was used: uA remedy shall be cost-
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effective if its costs are proportional to its overall 
effectiveness" ( NCP 300. 4 3 0 (f) ( i i) (D) ) . This determination was 
made by evaluating the overall effectiveness of those 
alternatives that satisfy the threshold criteria (i.e., that are 
protective of human health and the environment and comply with 
all federal and any more stringent State ARARs, or as 
apprc~riate, waive ARARs). Overall effectiveness was evaluated 
by assessing three of the five balancing criteria-long-term 
effectiveness and permanence; reduction in toxicity, mobility, 
and volume through treatment; and short-term effectiveness, in 
combination. The overall effectiveness of each alternative then 
was compared to the alternative's costs to determine cost
effectiveness. The relationship of the overall effectiveness of 
this remedial alternative was determined to be proportional to 
its costs and hence represents a reasonable value for the money 
to be spent. As only two alternatives were considered to be 
protective and ARAR compliant, the evaluation of the most cost
effective alternative was based upon a comparison of the costs 
between Alternative 2 (with a net present value of $26.5 million) 
and Alternative 3 (with a net present value of $50.3 million). 
Alternative 2 is the most cost effective of the alternatives 
evaluated. 

12.4 UTILIZATION OF PERMANENT SOLUTIONS AND ALTERNATIVE 
TREATMENT (OR RESOURCE RECOVERY) TECHNOLOGIES TO THE MAXIMUM 

EXTENT PRACTICABLE 

Of those alternatives that are protective of human health and the 
environment and comply with ARARs, EPA has determined that the 
Selected Remedy provides the best balance of trade-offs in terms 
of the five balancing criteria, while also considering the 
statutory preference for treatment as a principal element and 
bias against off-site treatment and disposal and considering 
state and community acceptance. A principal element of the 
Remedy is the extraction and treatment of contaminated 
groundwater. The Selected Remedy does utilize treatment and thus 
supports the statutory mandate. The Selected Remedy satisfies 
the criteria for long-term effectiveness by preventing 
groundwater with contaminants in excess of allowable 
concentrations from being released to the Mississippi River. The 
barrier wall and extraction wells, along with monitoring and 
institutional controls, will provide more long-term effectiveness 
and permanence than the other alternatives. The Selected Remedy 
~educes the mobility of groundwater contaminants by providing 
physical and hydraulic control and removal of affected 
groundwater before it releases to the Mississippi River. The 
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Selected Remedy does not present short-term risks different from 
the other alternatives. The Selected Remedy is likely to be more 
difficult to implement than the other alternatives evaluated, 
however, installation of a physical barrier and a three-well 
groundwater extraction system can be accomplished with 
conventional materials and equipment. In addition, IEPA is 
supportive of Alternative 2, and the community showed no 
preference between Alternatives 2 and 3. Since the Selected 
Remedy is an interim action, it is not intended to address fully 
the statutory mandate for permanence and treatment to the maximum 
extent practicable. 

12 . 5 PREFERENCE FOR TREATMENT AS A PRINCIPAL ELEMENT 

One of the principal elements of the Selected Remedy is the 
extraction and treatment cf contaminated groundwater. Therefore, 
the Selected Remedy satisfies the statutory preference for 
treatment as a principal element by reducing mass loading to the 
Mississippi River through extraction and treatment of 
contaminated groundwater. The statutory preference for remedies 
that employ treatment that reduces toxicity, mobility, or volume 
as a principal element, although partially addressed in this 
remedy, will be more fully addressed by the final response 
action. 

12.6 FIVE-YEAR REVIEW REQUIREMENTS 

Because this remedy will result in hazardous substances, 
pollutants, or contaminants remaining on-site above levels that 
·allow for unlimited use and unrestricted exposure, a statutory 
review will be conducted within five years after initiation of 
remedial action to ensure that the remedy is, or will be, 
protective of human health and the environment. 

12.7 DOCUMENTATION OF NO SIGNIFICANT CHANGES 

The Proposed Plan was released for public comment in June 2002. 
It identified Alternative 2, engineered barrier and groundwater 
extraction as the Preferred Alternative to address the release of 
contaminated groundwater to the Mississippi River in the vicinity 
·Of Sauget Area 2 Site R. EPA reviewed all written and verbal 
comments submitted during the public comment period. It was 
determined that no changes to the remedy, as originally 
identified in the Proposed Plan, were necessary. 
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The Proposed Plan stated that extracted groundwater would be 
routed to the ABRTF via subsurface pipeline which would connect 
with the Village of Sauget trunk sewer leading to the PChem 
Plant. The ROD does not specify a treatment option for the 
extracted groundwater. Several groundwater treatment options are 
being evaluated including the ABRTF. Selection of the actual 
treatment technologies and the location of the treatment system 
will be determined during the remedial design. 
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Figure 1-1 

Sauget Area 2 Site Location Map 
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Figure 5-l 

Conceptual Site Model for 
Human Health Risk Assessment 
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Figure 5-2 

Aquatic Conceptual Site Model 
for the Ecological Ri.sk Assessment 
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Figure 5-3 

Aquatic Conceptual Site Model 
for the Ecological Risk Assessment 
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Figure 5-4 

Terrestrial Conceptual Site Model 
for the Ecological Risk Assessment 
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Sauget A~ea ~- ?e:~rd of Decis~on 

Figure 5-5 

Cross Sections of the Valley Fill 

East St. Louis Area, Illinois 
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Sauget Area L: Rec~vj sf ~ecision 

Figure 5-6 

Geologic Cross Section 

and 

Piezometric Profile of the Valley Fill 
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Sauget Area 2: Record of Decision 

Figure 5-7 

Site Locus (PDA) 

W.G. Krummrich Plant 

-
Ecological Risk Assessment 



Figure · Site Locus (PDA) 
WGK Plant Ecological Risk Assessment 

Sauget, IL 
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Sauget Area 2: Record of Decision 

Figure 5-8 

PDA Transect Layout 

W.G. Krummrich Plant 

~ 

Ecological Risk Assessment 
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Sauget Area 2: Record of Decision 

Figure 5-9 

PDA Transect Layout (Schematic) 

W.G. Krummrich Plant 

. 
Ecological Risk Assessment 



FIGURE '· : PDA Transect Layout (Schematic) 
WGK Plant Ecological Risk Assessment 

Sauget, Illinois 
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Sauget Area 2: Record of Decision 

Figure 5-10 

PDA, UDA and DDA Locus Map 

W.G. Krummrich Plant 

. 
Ecological Risk Assessment 



Fig·,~e ' L; I 

WGK Plant Ecological Risk Ass~ssment 
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Sauget Area 2: Record of Decision 

Figure 5-11 

EPA Sediment· Sampling Locations 

Adjacent to Site R 



I 
/ 

' 
• TETRA TECH 

SAMPLING LOCATION. * .. 
• MENZJE-CURA ·.\ .-

SAMPLING LOCATION 

• • t_ 
: . .~ .. ., 

.. ,. . ..,. 

,. 

~ .r,-·. 
t·.·~ 

- : ~ 

(~ . 
-~~--

e 
.;~ e o .·J . ..:.~ ~·- -.~ • ii ~,, 

~· ... ~ ~- .:· •· -~ .... · .... r.. ,~ 
I ~ . •. . 

. ;) .. ·•· 
20CG Fee~ 

SvL..Gi1A FACILiTY. SAUG~T. ILL:\:J·~ 
S?.(V!Pll~G LOCATiONS 
F.JJACE~'~T TO S!TE R 

w TETF<A TeCH EM lt\JC. 



Sauget Area 2: Re~ord of De~ision 

Figure 5-12 

EPA Upstream and Downstream 

Sediment Sampling Locations 
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Sauget Area 2: Record of Decisi2n 

Figure·S-13 

Total VOC Concentrations 

Shallow Hydrogeologic Unit 
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Sauget Area 2: Record of Decision 

Figure 5-14 

Total VOC Concentrations 

Middle Hydrogeologic Unit 
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Sauget Area 2: Record of Decision 

Figure 5-15 

Total VOC Concentrations 

Deep Hydrogeologic Unit 
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Sauget Area 2: Record of Decision 

Figure 5-16 

Total SVOC Concentrations 

Shallow Hydrogeologic Unit 
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Sauget Area 2: Record of Decision 

Figure 5-17 

Total SVOC Concentrations 

Middle Hydrogeologic Unit 
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Sauget Area 2: Record of Decision 

Figure 5-18 · 

Total SVOC Concentrations 

Deep Hydrogeologic Unit 
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Sauget Area 2: Record of Decision 

Figure 5-19 

Sauget Area 2 

Total VOC Concentrations in 

Shallow Wells 
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Sauget Area 2: Record of Decision 

Figure 5-20 

Sauget Area 2 

Total VOC Concentrations in 

Intermediate/Deep Wells 
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Sauget Area 2: Record of Decision 

Figure 5-21 

Sauget Area 2 

Total BNA Concentrations 

in Shallow Wells 
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Sauget Area 2: Record of Decisior. 

Figure 5-22 

Sauget Area 2 

Total BNA Concentrations 

. 
in Inter.mediate/Deep Wells 
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Figure 9-1 

Groundwater Alternative 2 

Physical Barrier 
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Sauget Area 2: Record of Decisic~ 

Figure 9-2 

Groundwater Alternative 3 

Hydraulic Barrier 
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Sa~get Area 2: Fe~~~d cf De=isl~~ 

Table 5-l 

Surface Water Analytical Data Summary 
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Table 5-2 

Sediment Analytical Data Summary 
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Sauget Area 2: Reccrd of Decisisn 

Table 5-3 

Whole Body Fish Tissue 

Analytical Data Summary 
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Table 5-4 

Fish Tissue Analytical Data Comparison 

Species and Area 
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Sauget Area 2: Rec8rd of Decision 

Table 5-5 

Surface Water and Sediment Toxicity 

Data Summary 



1 I drsian: 5128101 Table 8-5 
Toxicity T..t Summary 

Internal Review Draft v1 0 

SEDIMENT1 

WGK Ptant Ecological Risk Assessment 
Sauget, Illinois 

Fathiad Minnow 7-d 
SURFACE WATER2 

Amphlpod 2tkl Chronic Fathead Minnow Surface Water Chronic Sediment Ceriodaphnia Surface Water Bioassay 
STATION Sediment Bioassay Bioassay Bloassa¥ 

Survival Growth Survival Growth 
Acute2d

1 Chronic 7d Chronic 7d Acute2d Chronic 7d 
Survival' Survival Growth Survival Survival 

UOA-11 No No No No No No No No No 
UOA-12 No No No No No No No No No 

PDA-8 No No No No No No No No No 
PDA-8 FO No No No No No -- --- ~---~---~--

PDA-9 No No Yes Yes* No No No No No -- -----~- -----~ 

POA-10 No No No No No No No No No --------. -- - - ----- -- -------

POA-5 Yes Yes* Yes3 Yes* No No No No No 
-- No - -- - ----- ----

PDA-6 No No No No No No No No 
PDA-7 No No No No No No No No No 

------

PDA-2 No No No No No No No Yes3 Yes3 

-- Yes3 --
-----~---

PDA-2 FD No No No Yes3 

------
PDA-3 No No Yes Yes• No No No Yes Yes 

-~-------- --- --- --- -
PDA-3 FD No No Yes Yes• ---- -

PDA-4 No No No No No No No Yes Yes ------ ·- ·------- ----- -- ------ --- -- -- -
DDA-13 No No No No Yes Yes Yes* No No 

DDA-1 No No No No No Yes Yes* No No 

1''Y es" indicates a statistically significant reduction in the organism response when compared to the control group 
2''Yes" indicates a statistically significant reduction in the organism response when compared to one or more of the control groups 
3 0% survival in this sample 

Chronic 7d 
Reproduction 

No 
No 

-
Yes 
No 
Yes 
No 

Yes 
No 

-
No 

-
Yes• 
Yes• 
Yes· 

Yes· 
No 

-----
No 

*Samples with effects on survival were excluded from statistical analysis of the more sensitive endpoint (growth or reproduction); it is assumed that 
the more sensitive endpoint is affected if survival is affected. 



Sauget Area 2: Record ~f Decision 

Table 5-6 

Summary of Benthic Invertebrate 

Community Data 



May 25 2001 

<50' from shore, Upstream Reference, Sandy Sediment 
#Organisms 

#Taxa 
Dominant Taxa 

2nd Dominant Taxa 

30' from shore, Upstream Reference. Soft Sediment 
#Organisms 

#Taxa 
Dominant Taxa 

2nd Dominant Taxa 

50' from Shore, Soft Sediment 
#Organisms 

#Taxa 
Dominant Taxa 

2nd Dominant Taxa 

300' from Shore, Sandy Sediment 
#Organisms 

#Taxa 

Dominant Taxa 
2nd Dominant Taxa 

50' from Shore, Soft Sediment 
#Organisms 

#Taxa 
Dominant Taxa 

2nd Dominant Taxa 

65' from shore, Downstream Reference, Soft Sediment 
#Organisms 

#Taxa 
Dominant Taxa 

2nd Dominant Taxa 

Downstream Reference, Sandy Sediment 
#Organisms 

#Taxa 
Dominant Taxa 

2nd Dominant Taxa 

Table 8-7. Summary of Benthic Invertebrate Community Data 
W.G. Krummrlch Plant Ecological Risk Assessment 

Sauget, Illinois 

UDA-11 A UDA-11 B 
0 B 
0 1 

NA Chironomidae (Paratendipes basidens) 
NA NA 

UDA-12 A . UDA-12 B 
4 I 0 
3 1 0 

Internal Review Draft v1 0 

UDA-11 C 
7 
2 

Chironomidae (Paratendipes basidens) 
Pelecypoda (Pisidium sp.) 

UDA-12C 
7 
3 

Ephemeroptera (Hexagenia limbata) NA Chironomidae (Cryptochironomus fulvu~) 
Chironomidae NA Oligochaeta (Limnodrilus claparedi~mus) 

PDA-2A PDA-2 B PDA-2 C 
1 0 6 
1 0 2 

Chironomidae NA Trichoptera (Potamyia !lava) 
NA NA Chironomidae (Cryptochironornus fulvus) 

PDA-7 A PDA-7 B POA-7 C 
2 0 1 
2 0 1 

Chironomidae (Chernovskiia 
sp./Paratendipes basidens) NA Chironomidae (Paratend1pes l>asiocn~) 

NA NA NA 

PDA-8A PDA-e B PDA-8 C 
1 2 0 
1 2 0 

Petecypoda (Pisidium sp.) Chironomidae/Pelecypoda NA 
NA NA NA 

DDA-1 A DDA-1 B DDA·1 C 
62 54 32 
8 6 6 

Oligochaeta (Limnodrilus daparedianus) Oligochaeta (Limnodrilus claparedianus) Chironomidae (Chironornus ll~'corus) 
Chironomidae (Chironomus decorus) Chironomidae (Chironomus decorus) Oligochaeta (Limnodrilus clapared1anus) 

DDA-13A DDA-13 B DDA-13 C 
1 7 10 
1 2 2 

Chironomidae (Chernovskiia sp.) Chironomidae (Paratendipes basidens) Chironomidae (Paratendipes 1Jas1dens l 
NA Trichoptera (Potamyia flava) Pelecypoda (Pisidiurn sp.) 

1 of 1 



Sauget. .~rea 2: P.eccr:i · · Je:.:::' s; on 

Table 5-7 

EPA Sediment Sampling Data 



EPA Sediment Data Summary 
Constituent Concentrations at ~1 Samplinq Stations 

with Detected Concentrations 

Sam:eling Station 
Constituent PDA MR-SD MR-SD PDA MR-SD M R-SDM R-SD MR-SD 
Concentration, <:e:eb> 2-60 2-150 4-90 5R-60 5-75 5-150 5-315 7-150 

Benzene NO 55 4.2 NO 45 58 260 36 
Chlorobenzene 10,000 390 100 450 1, 800 6,700 3,100 1600 
1,2-Dichloroethane NO ND ND 110 ND ND ND ND 
Ethylbenzene NO NO 2 ND NO ND ND NO 
Toluene 12,000 NO ND 140 ND ND ND ND 
Xylenes NO ND 2. 6 120 ND ND ND NO 

Aniline 210 ~m ND 3,900 2,400 3,400 ND ND 
4-Chloroaniline 720 99 ND 3, 300 3, 000 6,400 ND 58 

1,4-Dichlorobenzene390 ND ND ND 300 1,700 NO NO 

Phenol ND ND ND3,200 ND . ND ND ND 
2-Chlorophenol NO NO ND 400 ND ND ND NO 
2,4-Dichlorophenol ND NO ND 610 ND ND ND ND 

3-Methylphenol- 95 ND NO NO ND ND ND ND 

PCBs ND NO NO ND ND 120 38 20 

TOC 11,000 ND ND 390 200 7,400 NO NO 



TABLE 1 

VALIDATED ANALYTICAL RESl'L TS FOR SOLCTIA INC. SPLIT SAMPLES 

Sample Identification PDA-2-{50 PDA-5-R-{50 PDA-8-60 

Date Collected October 25, 2000 October 24, 2000 October 26, 2000 

Volatile Orgaak Compouncb (nduop'aau per ldJognm (HikrJ) 

Acetone 5,800 u 3,300U 1,400 u 

Benzene 1,100 u 260 u 3.40U 

Chlorobenzene 10,000 450 700 

1,2 -Dichlorocthane 1,100 u 1101 41 1 

Methylene chloride I,IOOU 260 u 340U 

Toluene 12,000 140 J 340U 

Xylenes (total) 1,100 u 120 J 340 u 
SemivolatiJe Orgaaie CompoundJ (~&§'kg) 

Aniline 2101 3,9001 410 u 
4-Chloroaniline 720 3,300 410 u 
2 -Chlorophenol 580U 400 J 410 u 
1 ,2 -Dichlorobenzene 1201 780 u 410 u 
1,4-[hchlorobenzene 390 J 780U 410 u 
2, 4-Dichlorophenol 580U 6101 410 u 
3 -Methyl phenol - 95 J 780U 410 u 
Phenol 580 u 3,200 J 410 u 
2,4,6-Trichlorophenol 580 u 780 u 410 u 
2,6-Dichlorophenol 580 u 780U 410 u 
Organochlorine PesDc:ides (Jlglkg) 

Aldrin 6.0U 4.0U 2.1 u 
alpha-BHC 6.0U 4.0U 2.1 u 
beta-BHC 6.0U 4.0U 2.1 u 
de1ta-BHC 6.0U 441 5.1 J 

garnma-BHC (lindane) 6.0U 4.0U 2.1 u 
Chlordane (technical) 60U 40U 21 u 
Chlorobenzilate 120 u 21 J 41 u 
4,4-DDD 6.0U 14 2.l u 
4,4-DDE 6.0U 4.0U 2.1 u 
4,4-DDT 6.0U 4.0U 2.1 u 
Diallate 120U 78U 41 u 
D ieldrin 6.0U 4.0U 2.1 u 
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TABLE 1 (continued) 

VALIDA TED ANALYTICAL RESULTS FOR SOLUTIA INC. SPLIT SA1\1PLES 

Sample Identification PDA-2-60 PDA-5-R-60 PDA-8-60 

Date Collected October 25, 2000 October 24, 2000 October 26, 2000 

OrgmochJorine Patkfdu (Hike) (Cammued) 

Endosulfan I 6.0U 4.0U 21 u 
Endosulfan IJ 6.0U 4.0U 2.1 u 
Endosulfan sulfate 6.0 u 4.0U 2.1 u 
Endrin 6.0U 4.0U 2.1 u 
Endrin aldehyde 6.0U 4.0 u 2.1 u 
Heptachlor 6.0U 4.0U 2.1 u 
Heptachlor epoxide 6.0U 4.0U 2.1 u 
Isodrin 12 u 7.8 u 4.1 u 
Kepone 120 u 78U 41 u 
Methoxychlor - 12 u 7.8 u 4.1 u 
Toxaphene 230U 160U 83 u 
Polyddorinated Blpheayb (PCB) (l&llkc) 

Aroclor 1016 58U 39U 41 u 
Aroc1or 1221 - 58 u 39 u 41 u 
Aroclor 1232 58 u 39 u 41 u 
Aroclor 1242 58 u 39 u 41 u 
Aroclor 1248 58 u 84 J 41 u 
Aroclor 1254 58 u 39U 41 u 
Aroclor 1260 58 u 39 u 41 u 
Herbicides (}lglkg) 

2,4-0 140U 790 99U 

2,4,5-TP (Silvex) 35 u 24 u 25 u 
2,4,5-T 35 u 24 u 25 u 
Organophosphorus Pesticides (}lglkg) 

Dimethoate 1,200 u 39U 41 u 
Disulfoton 1,200U 39 u 41 u 
Famphw- 1,200U 39 u 41 u 
Methyl parathion 1,200 u 39 u 41 u 
Phorate 1,200U 39U 41 u 
Tetraethyldithiopyrophosphate 1,200 u 39 u 41 u 
Thionazin 1,200 u 39U 41 u 
o,o,o-T riethylphosphorothioatc 1,200 u 39 u 41 u 

I-I 0 



TABLE 1 (continued) 

VALIDATED ANALYTICAL RESULTS FOR SOLUTIA INC. SPLIT SAMPLES 

Sample Identification PDA-2-60 PDA-5-R-60 PDA-8-60 

Date Collected October 25, 2000 October 24, 2000 October 26, 2000 

General Chemlmy (IIUIJI&ram per ldlagram) 

Total onzanic carbon 11 000 390 510 

Notes: 

The result was estimated for quality control reasons. 
The analyt.e was not detected; the nwnerical value is the sample reporting limit. 

J 
u 
UJ The analyte was not detected; the sample reporting limit is estimated for quality control reasons. 
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TABLE 2 

VALIDA TED ANALYTICAL RESULTS FOR SOLUTIA INC. SEDIMENT SAMPLES 

II Sample Identification MR-SD-1-50 I MR-SD-l-150l MR-SD-1-300 I MR-SD-2-50 MR-SD-2-150 

Date Collected Nc . '·. '">er l, 2000 

Volari1e Organic Compound. (~per Idiogram (J&glkc)) 

Acetone 22 u 22 u 26 u 24 u 1,300 u 
Benzene 5.5 u 5.4 u 64 u 5.9 u 55 J 

Chlorobenzene 5.5 u 5.4 u 6.4 u 6.5 390 

Chloroform 5.5 u 5.4 u 6.4 u 5.9U 300U 

Ethyl benzene 5.5 u 5.4 u 6AU 5.9 u 300 u 
Methylene chloride 5.5 u 5.4 u 6.4 u 5.9 u 300 u 
Xylenes (total) 5.5 u 5.4 u 6.4 u 5.9 u 300U 

Semivolatile Organic Compouncb (JIJ/kg) 

Aniline 400 u 390 u 390 u 400 u 400 u 
bis(2-Ethylliexyl)phtha.late 400U 390 u 390 u 400 u 400 u 
4-Chloroaniline 400U 390 u 390U 400 u 99 J 

1,2 -Dichlorobenzene 400 u 390 u 390 u 400 u 400 u 
1,3 -Dichlorobenzene 400 u 390 u 390 u 400 u 400 u 
1,4-Dichlorobenzeiic 400 u 390 u 390 u 400 u 400 u 
Organochlorine P~ticides (Jiglkg) 

Aldrin 2.0 u 2.0 u 2.0 u 2.1 u 2.0 u 
alpha-BHC 2.0 u 2.0 u 2.0 u 2.1 u 2.0 u 
bet.a-BHC 2.0 u 2.0 u 2.0 u 2.1 u 2.0 u 
delta-BHC 2.0U 2.0 u 2.0 u 2.1 u 2.0U 

gamma-BHC (lindane) 2.0 u 2.0 u 2.0 u 2.1 u 2.0U 

Chlordane (technical) 20 u 20U 20U 21 u 20U 

Chlorobenzilate 40 u 39 u 39 u 40 u 40U 

4,4-DDD 2.0 u 2.0U 2.0 u 2.1 u 2.0U 

4,4-DDE 2.0 u 2.0U 2.0 u 2.1 u 2.0 u 
4,4-DDT 2.0 u 2.0U 20U 2.1 u 2.0U 

Dial! ate 40 u 39 u 39 u 40 u 40U 

Dieldrin 2.0 u 2.0 u 2.0 u 2.1 u 2.0U 

Endosulfan r 2.0 u 2.0 u 2.0 u 2.1 u 2.0 u 
Endosulfan II 2.0 u 2.0 u 2.0 u 2.1 u 2.0 u 
Endosulfan sulfate 2.0 u 2.0 u 2.0 u 2.1 u 2.0U 
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TABLE 2 (Continued) 

VALIDA TED ANALYTICAL RESULTS FOR SOLUTIA, INC. SEDIMENT SAMPLES 

Sample Identification MR-SD-1-50 I MR-SD-1-150 I MR-SD-1-300 MR.-SD-2-50 MR.-SD-2-150 

Date Collected Novnnber I, 2000 

OrpDochlorine Padddea .CJa#'k&) (~Oidiluled) · 

Endrin 2.0U 2.0U 2.0U 2.1 u 2.0U 

Endrin aldehyde 2.0U 2.0U 2.0U 2.1 u 2.0U 

Heptachlor 2.0U 2.0 u 2.0U 2.1 u 2.0U 

Heptachlor epox.ide 2.0U 2.0U 2.0 u 2.1 u 2.0U 

Isodrin 4.0U 3.9U 3.9 u 4.0U 4.0U 

Kepone 40U 39U 39 u 40 u 40U 

Methoxychlor 4.0U 3.9U 3.9 u 4.0U 4.0U 

Toxaphene sou 80U 79U 81 u 81 u 
Polychlorinated Blphmyb (PCB) (1'1/k&) 
Aroclor I 0 16 40U 39U 39U 40U 40U 

Aroclor 1221 40U 39U 39 u 40U 40U 

Aroclor 1232 40U 39 u 39 u 40U 40U 

Aroclor 1242 40U 39U 39 u 40U 40U 

Aroclor 1248 40U 39 u 39U 40U 40U 

Aroclor 1254 40U 39U 39 u 40U 40U 

Aroclor 1260 40U 39U 39 u 40U 40U 

Herbicides (J'clkg) 

2,4-D 96U 95 u 94 u 97 u 96U 

2,4,5-TP (Silvex) 24 u 24 u 24 u 24 u 24 u 
2,4,5-T 24 u 24 u 24 u 24 u 24 u 
Organophosphonu Pesdddes (I'Wkl) 

Dimethoate 40U 39U 39 u 40U 40U 

Disulfoton 40U 39U 39U 40U 40U 

Famphur 40U 39 u 39 u 40U 40U 

Methyl parathion 40U 39U 39 u 40U 40U 

Pborate 40U 39 u 39 u 40U 40U 

Tetraethyldithiopyrophospbate 40U J9U J9U 40U 40U 

Thionazin 40U 39U 39 u 40U 40U 

o,o,o-Triethylphosphorothioate 40U 39U 39 u 40U 40U 

General Chemutry (mJJOcram per Jdlocraiu) 
Total or~anic carbon J 120 u l 120U I 120 u I 120 u l 120U 
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TABLE 2 (Continued) 

VALIDA TED ANALYTICAL RESULTS FOR SOL CTIA, INC. SEDIMENT SAMPLES 

Sample Identification .MR.-SD-2-330 MR-SD-3-25' -, :v!R-SD-3-991.MR-SD-4-90 I ~~-S~-POP-

Date Collected November 1, November 2, 2000 
2000 

Volatile Organk Compound• (mkJ"ocrams per kiJovam (pglkgj) . 

Acetone 21 u 30 u 160 u 26U 28 u 
Benzene 5.3 u 7.5 u 16 u 4.2 J 7.1 u 
Chlorobenzene 5.3 u 7.5 u 3.3 J 100 J 7.1 u 
Chloroform 5.3 u 7.5U 16U 6.5U 7.1 u 
Ethylbenzene 5.3 u 7.5 u !6U 2.0 J 7.1 u 
Methylene chloride 5.3 u 7.5 u 16U 6.5 u 7.1 u 
Xylenes (total) 5.3 u 7.5 u I6U 2.61 7.1 u 
Semivolatile Organic Compounds (J&glkl) 

Aniline - 380 u 440 220 J 400U 410 u 
bis(2-Ethylhexyl)phthalate 380 u 390 u 390 u 400 u 4IOU 

4 -Chloroaniline 380U 390 u 130 J 400U 410U 

I ,2 -Dichlorobenzene 380U 390 u 390 u 400U 410 u 
1,3 -Dichlorobenza~e- 380U 390 u 390 u 400 u 410 u 
1, 4-Dichlorobenzene 380 u 390 u 390 u 400 u 410 u 
Organochlorine Pesticides (J&glkg) 

Aldrin 2.0U 2.0U 2.0 u 4.1 u 2.1 u 
alpha-BHC 2.0 u 2.0 u 2.0 u 4.1 u 2.1 u 
beta-BHC 2.0U 2.0 L. 2.0 u 4.1 u 2.1 u 
delta-BHC 2.0U 2.0 u 2.0U 3.7 J 2.1 u 
gamrna-BHC (lindane) 2.0U 2.0 u 2.0U 4.1 u 2.1 u 
Chlordane (technical) 20 u 20 u 20U 41 u 21 u 
Chlorobenzilate 38 u 39 u 39 u 79U 41 u 
4,4-DDD 2.0U 2.0U 2.0 u 4.1 u 2.1 u 
4,4-DDE 2.0U 2.0 u 2.0U 4.1 u 2.1 u 
4,4-DDT 2.0U 2.0 u 2.0U 41 u 2.1 u 
Diallate 38 u 39 u 39 u 79 u 41 u 
Dieldrin 2.0 u 2.0U 2.0 u 4.1 u 2.1 u 
Endosulfan I 2.0 u 2.0U 2.0 u 4.1 u 2.1 u 
Endosulfan II 2.0U 2.0U 2.0U 4.1 u 2.1 u 
Endosulfan sulfate 2.0U 2.0 u 2.0U 4.1 u 2.1 u 
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TABLE 2 (Continued) 

VALIDATED Al'JALYTICAL RESULTS FOR SOLCTIA, INC. SEDIME~T SAMPLES 

Sample Identification .MR-SD-2-330 .MR-SD-3-25'1 ~-SD-3-99 .MR-SD-4-90 MR-SD-POP-
90 

Date Collected November I, November 2, 2000 
2000 

Organochlorine Pestkides ~ (Continued) 

Endrin 2.0U 2.0 u 2.0U 4.1 u 2.1 u 
Endrin aldehyde 2.0 u 2.0 u 2.0 u 4.1 u 2.1 u 
Heptachlor 2.0 u 2.0U 2.0U 4.1 UJ 2.1 u 
Heptachlor epoxide 2.0U 2.0 u 2.0U 4.1 u 2.1 u 
lsodrin 3.8 u 3.9 u 3.9 u 7.9U 4.1 u 
Kepone 38 u 39 u 39 u 79 u 41 u 
Methoxychlor 3.8 u 3.9 u 3.9 u 3.41 4.1 u 
Toxaphene 78 u 80 u sou 160U 84 u 
Polych.lorinate~ Biphenyb (PCB) (Hikg) 

Aroclor 1016 38 u 39U 39 u 40U 41 u 
Aroclor 1221 38 u 39 u 39 u 40U 41 u 
Aroc1or 1232 38 u 39 u 39 u 40U 41 u 
Aroclor 1242 38 u 39 u 39 u 40U 41 u 
Aroclor 1248 38 u 39 u 39 u 40U 41 u 
Aroclor I 254 38 u 39 u 39 u 40U 41 u 
Aroclor 1260 38 u 39U 39 u 40U 41 u 
Herbicides (}.Lglkg) 

2,4-D 93 u 96 u 95 u %U 100U 

2,4,5-TP (Silvex) 23 u 24 u 24 u 24 u 25 u 
2,4,5-T 23 u 24 u 24 u 24U 25 u 
Organophosphonu Pestkides (}.Lg/k&) 

Dirnethoate 38 u 39 UJ 39 UJ 40UJ 41 UJ 

Disulfoton 38 u 39 UJ 39 UJ 40 U1 41 UJ 

Famphw- 38 u 39U 39 u 40UJ 41 u 
Methyl parathion 38 u 39UJ 39 UJ ~OUJ 41 UJ 

Phorate 38 u 39 UJ 39 UJ 40UJ 41 UJ 

Tetraethyldithiopyrophosphate 38 u 39U 39U 40UJ 41 u 
Thionazin 38 u 39U 39 u 40UJ 41 u 
o,o,o-Triethylphosphorothioate 38 u 39 u 39 u 40UJ 41 u 
General Chemistry (milligram per kilogram) 

Total onranic carbon I 120 u I 120U I 120U I 120 u r IJOU 
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TABLE 2 (Continued) 

VALIDATED ANALYTICAL RESULTS FOR SOLliTIA, INC. SEDIMENT SAMPLES 

If Sample Identification MR-SD-5-75 I MR-SD-5-150 I MR-SD-5-315/ MR-SD-6-25b I MR-SD-6-90 

Date Collected ; ' )' :nber 3, 2000 
-· 

Volatile Organic Compouuda (mlc:rugram• per ldlovam fl.tWklJ) 
Acetone 1,300 u 2,500U 1,300 u 24 u 35 u 
Benzene 45 1 58 J 260U 9.0 0.721 

Chlorobenzene 1,800 6,700 3,100 82 8.0 

Chloroform 370U 320U 260 u 6.0U 5.6 u 
Ethyl benzene 370 u 320U 260U 6.0 u 5.6 u 
Methylene chloride 370 u 320 u 260U 6.1 u 5.6 u 
Xylenes (total) 370U 320U 260 u 6.0U 5.6 u 
Semivolatile Organic Compounds (J1glkg) 

Aniline 2,400 3,400 380U 400 u 400U 

bis(2-Ethylhe)l)'l)phtlul1ate 430 u 430 u 380U 931 400U 

4-Chloroaniline 3,0001 6,4001 380U 400U 400 u 
1,2-Dichlorobenzene 430U 430U 380U 1901 55 J 

1 ,3-Dichlorobenzene 430 u 430 u 380U 150 J 400U 

1, 4-Dichlorobenz~ 3001 1,700 380U 330 J 51 J 

Organochlorine Pestic:idu (J&glkg) 

Aldrin 2.2 u II U 1.9 u 2.0 u 2.0U 

alpha-BHC 2 2 u II U 1.9U 2.0 u 2.0U 

beta-BHC 2.2 u II U 1.9 u 2.0 u 2.0U 

delta-BHC 2.2 u 11 u 1.9 u 2.0 u 2.0U 

gamma-BHC (lindane) 2.2 u II U 1.9 u 2.0 u 2.0 u 
Chlordane (technical) 22 u IIOU 19 u 20U 20U 

ChlorobenzJiate 43 u 220 u 38 u 40U 40U 

4,4-DDD 2.2 u 11 u 1.9 u 2.0U 2.0U 

4,4-DDE 2 2 u 11 u L9U 2.0 u 2.0U 

4,4-DDT 2.2 u II U L9U 2.0 u 2.0 u 
Diallate 43 u 220 u 38 u 40U 40U 

Dieldrin 2.2 u II U 1.9 u 2.0U 2.0U 

Endosulfan I 2.2 u 11 u L9U 2.0U 2.0U 

Endosulfan II 2.2 u II U 1.9 u 2.0 u 2.0U 

Endosulfan sulfate 2.2 u II U 1.9 u 2.0U 2.0U 
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TABLE 2 (Continued) 

VALIDATED A~AL YTICAL RESULTS FOR SOLUTIA, INC. SEDI:\-tE~T SAMPLES 

Sample Identification MR-SD-5-75 I MR.-SD-5-150 jl'vfR-SD-5-315 r:-..m-SD-6-25b l MR.-SD-6-90 

Date Collected November 3, 2000 

Organochlorine Paticicla (ll.&fkl) (Continued) 

Endrin 2.2 u llU 1.9 u 2.0U 2.0 u 

Endrin aldehyde 2.2 u II U 1.9 u 2.0 u 2.0U 

Heptachlor 2.2 u II U 1.9 u 2.0 u 2.0U 

Heptachlor epoxide 2.2 u 11 u 1.9 u 2.0 u 2.0 u 

Isodrin 4.3 u 22 u 3.8 u 4.0 u 4.0U 

Kepone 43 u 220 u 38 u 40U 40 u 
Methoxychlor 4.3 u 22 u 3.8 u 4.0U 4.0 u 
Toxaphene 88 u 440 u 77 u 81 u sou 
Polychlorinated Bfphenyb (PCB) (llglkg) 

Aroclor 1016 43 u 120 J 38 u 40U 40U 

Aroclor 1221 . 43 u 43 u 38 u 40 u 40 u 
Aroc!or 1232 43 u 43 u 38 u 40 u 40 u 
Aroclor 1242 43 u 43 u 38 u 40 u 40U 

Aroc1or 1248 43 u 43 u 38 u 40U 311 

Aroc!or 1254 - -~ 43 u 43 u 38 u 40U 40 u 
Aroclor 1260 43 u 43 u 38 u 40U 40U 

OrganochloriM HerbicldeJ (pglkg) 

2,4-D 100 u IOOU 92U 96 u 96U 

2,4,5-TP (Silvex) 26 u 26 u 23 u 24 u 24 u 
2,4,5-T 26 u 26 u 23 u 24 u 24 u 
Organophosphonas Pesticides (llcfkg) 

Dimethoate 43 u 43 u 38 u 40U 40U 

Disulfoton 43 u 43 u 38 u 40U 40U 

Farnphur 43 u 43 u 38 u 40U 40U 

Methyl parathion 43 u 43 u 38 u 40U 40U 

Phorate 43 u 43 u 38 u 40 u 40U 

T etraethyldithiopyrophosphate 43 u 43 u 38 u 40U 40U 

Thionazin 43 u 43 u 38 u 40U 40U 

o,o,o-Triethylphosphorothioate 43 u 43 u 38 u 40U 40U 

General Chemistry (milligram per kilogram) 

T ot.a1 or_2anic carbon 200 J 7 400 I JIOU I 870 I l lOO 
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TABLE 2 (Continued) 

VALIDATED A~AL YTICAL RESCL TS FOR SOLUTIA, INC. SEDIMENT SAMPLES 

Sample Identification MR-SD-7-45 TMR-SD-7-150 I MR-SD-7-280 MR-SD-8-57 MR-SD-9-51 

Date Collected November 3, 2000 October 27, :!000 

Volatile Organic Compowul.t (micrograms per kilogram [Jig/kg]) 

Acetone 35 u 1,600U 22 u 75 u 120 u 
Benzene 5.7 u 36 J 5.5 u 6.0U 6.8 u 
Chlorobenzene 2.2 u 1,600 5.5 u 6.0U 1.6 J 

Chloroform 5.7 u 270 u 5.5 u 6.0U 6.8 u 
Ethyl benzene 5.7 u 270 u 5.5 u 6.0U 6.8 u 
Methylene chloride 5.7U 270U 5.5 u 6.0U 6.8 u 
Xylenes (total) 5.7 u 270 u 5.5 u 6.0U 6.8 u 
SemivolatiJe Organic Compounds (J&glkg) 

Aniline 400U 390 u 390U 390 u 420 u 
bis(2-Ethylhexyl)phthalate 400 u 390 u 390 u 390 u 420U 

4-Chloroaniline 400U 58 J 390 u 390 u 420 u 
I ,2 -Dichlorobenzene 400 u 390 u 390U 390 u 420 u 
I ,3 -Dichlorobenzene 400 u 390U 390 u 390 u 420 u 
I ,4-Dichlorobenzene 400 u 390 u 390 u 390 u 420 u 
Organochlorine Pesricides (}aglkg) 

Aldrin 2.I u 2.0 u 2.0 u 2.0 u 11 u 
alpha-BHC 2 I U 2 0 u 2.0 u 2.0 u II U 

beta-BHC 2.I u 2.0 u 2.0 u 2.0 u II U 

delta-BHC 2.1 u 2 0 u 2.0 u 2.0 u II u 
gamma-BHC (lindane) 2.1 u 2.0U 2.0U 2.0U llU 

Chlordane (technical) 21 u 20 !] 20 u 20 u llOU 

Chlorobenzilate 40 u 39 u 39 u 39 u 2lOU 

4,4-DDD 2.1 u 2.0 u 2.0U 2.0 u 1I u 
4,4-DDE 2.I u 2.0 u 2.0 u 2.0U IIU 

4,4-DDT 2.1 u 2.0 u 2.0U 2.0 u II U 

Diallate 40 u 39 u 39U 39 u 210U 

Dieldrin 2.1 u 2.0 u 2.0 u 2.0 u li u 
Endosulfan I 2.1 u 2.0U 2.0 u 2.0U II U 

Endosulfan II 2.1 u ."!OU 2.0 u 2.0 u II U 

Endosulfan sulfate 2.1 u 2.0 u 2.0U 2.0U llU 

Endrin 2.1 u 2.0 u 2.0 u 2.0 u 11 u 

1-18 



---------------------- -~-

TABLE 2 (Continued) 

VALIDATED A~ALYTICAL RESULTS FOR SOLl'TIA, J:"o[C. SEDI.\fE~T SAMPLES 

Sample Identification MR-SD-7-45 tvfR -SD-7- I 50 ~!R-SD-7-.280 ~fR-SD-8-57 ~.fR-SD-9-5 I 

Date Collected November 3, 2000 October 27, 2000 

OrgiiDochlorine Pestiddu (Jag/k&) (Continued) 

Endrin aldehyde 2.1 u 2.0 u 2.0 u 2.0 u II U 

Heptachlor 2.1 u 2.0 u . 2.0U II U - -

Heptachlor epoxide 2.1 u 2.0 u 2.0 u 2.0 u II U 

Isodnn 4.0U 3 9 u 3.9 u 3.9 u 21 u 
Kepone 40U 39 u 39 u 39 u 210 u 
Methoxychlor 4.0U 3.9 u 3.9 u 3.9 u 21 u 
Toxaphene 81 u 79U sou 79 u 420 u 
Polychlorinated Biphmylt (PCB) (Jig/kg) 

Aroclor I 0 16 40U 39U 39 u 39 u 42 u 
Aroclor 1221 40U 39 u 39 u 39 u 42 u 
Aroc1or 1232 ~ 40 u 39 u 39 u 39 u 42 u 
Aroclor 1242 40 u 39 u 39 u 39 u 42 u 
Aroclor 1248 40U 20 J 39 u 39 u 42 u 
Aroclor 1254 40 u 39 u 39 u 39U 42 u 
Aroclor 1260 - - 40U 39U 39 u 39 u 42 u 
Organochlorine Herbicides (}1glkg) 

2,4-D 97 u 94 u 95 u 94 u IOOU 

2,4,5-TP (S1lvex) 24 u 24 u 24 u 24 u 25 u 
2,4,5-T 24 u 24 u 24 u 24 u 25 u 
Organophosphonu Pesticides (I.Lglkg) 

D1methoate 40 u 39 u 39 u 39 u 42 u 
Disu1foton 40 u 39 u 39 u 39U 42 u 
Famphur 40U 39U 39 u 39 u 42 u 
Methyl parathion 40 u 39 u 39 u 39U 42 u 
Phorate 40U 39 u 39 u 39 u 42 u 
T etraethyldithiopyrophospha te 40U 39 u 39 u 39U 42 u 
Th.ionazin 40 u 39 u 39 u 39 u 42 u 
o,o,o-T riethylphosphorothioate 40 u 39 u 39 u 39 u 42 u 
General Chemistry (milligram per kilogram) 

Total onzanic carbon I 780 I 120 u T 120U I l20U I 3 700 
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Notes: 

J 
u 
UJ 

----------

TABLE 2 (Continued) 

VALIDATED A~ALYTICAL RESVL TS FOR SOLUTIA, INC. SEDI,IENT SAMPLES 

The result was estimated for quality control reasons. 
The analyte was not detected; the nwnerical value is the sar.r.p.~ reporting limit. 
The analyte was not detected; the sample reporting limit is estimated for quality control reasons. 

Field duplicate of sample MR-SD-3-99. 
Field duplicate of sample MR-SD-6-90. 
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Sauget Area 2: Record of Decision 

Table 7-1 

Maximum Detected Concentrations 

of Constituents Present in 

Whole Body Fish Tissue Samples 



Sauget Area 2: Record of Decision 

TABLE 7-1 
Maximum Detected Concentrations of Constituents Present in Whole 

Body Fish Tissue Samples Collected in the Plume Discharge Area 

svocs. uq/kq 

1,2-Dichlorobenzene 
1,4-Dichlorobenzene 
2,4-Dichlorophenol 
2-Methylphenol 

Herbicides. uq/kq 

2,4,5-T 
2,4,5-TP (Silvex) 
MCPP 

Pesticides, uq/kq 

4,4-DDD 
4,4-DDE 

...,-

4,4-DDT 
alpha-BHC 
alpha-Chlordane 
garcuna-Chlordane 
Dieldrin 
Endosulfan I 
Endrin 
Endrin Aldehyde 
Heptachlor epoxide 

Dioxin , pq/q . 

2,3,7,8- TCDD 

Notes: 

Upstream 
Downstream 

ND 
ND 
ND 

110 

7. 1 
7.5 

ND 

ND 
25 
7.6 

ND 
5.6 
5.8 

32 
3 

ND 
7.4 

NO 

3.3 

240 11 

130 11 

190 21 

220 

13 
8.7 

8600 21 

6. 7 l) 

60 
13 
2.6 1) 

14 
8.1 

64 
4.3 

15 21 

10 
5.3 2) 

2.4 

1) Detected in Forage Fish (Gizzard Shad) 

Plume Discharge Area 

ND 
ND 
ND 

340 

ND 
6.9 

ND 

ND 
19 
ND 
NO 

7.7 
3.5 

14 
NO 
NO 

4.9 
NO 

0.96 

2) Detected in Bottom Feeder Fish (Channel Catfish) 
3) Detected in Predator Fish (Drum) 
Concentrations shown in bold print represent constituents 

detected only in the plume discharge area. 
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Table 11-1 

Groundwater Alternative 2 -

Physical Barrier 

Cost Estimate 



Table 5-1 
Groundwater Alternative 8 - Physical Barrier 

Summary 
Capital Institutional Controls so 

r~------------------------------------------------ --------------------------------------------s-ao~Si24 Monitor WeiVPiezometer Installation 
'Jei:ar-ouiecfsarrier-wali-rnsiaiiaiio-,;-------- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~=~~==~~=~:=~~~~~~][§~ Extri!ctiori-weiHrisiaiicii;"O;;·------------------

-------------------------------------------~~~·~?~ -------------------------------------·------------Groundwater Treatment at POTW $0 
Subtotal. Capital Costs $6,802,897 

O&M Institutional Controls $248,181 
------------------------------------------------- ~~~~~::~~::::~:~~~:::~::~:=:~:::::::::::~1~!:~~~~~ (PV) r~~!1J1~!!~Jl-------------------------------------
~~~~~y~~-~~~!!:~-~~~---------------------- $323,821 
Groundwater Treatment at POTW ---------------------------------------sri~4:is~fi~ 

Subtotal. O&M Costs, Present Value $19,783,469 
Total Costs: $26,586,366 

NOTES: 
Costs are installed costs and include equipment, labor and materials. 
Primary source of cost data: ECHOS Environmental Remediation Cost Data 1998 - Assemblies. 
All work done in level D. 
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Table 5·1 
Groundwater Alternative B - Physical Barrier 

1t;ap1ta1 I NO. 

Costs Extraction Well Installation Item: Unit Unit Cost Quantity Extended Cos t Per Well Wells 

Mob/Demob Rig & Crew for Recovery 
Well Installation LS $3.308 1 $3.308 3 
12-in SS Casin~. 1O-ft Flush Thread 
Section LF $40'2 s~ 60 $24,155 20 

12-in SS Casing, 5-ft Flush Thread Sectio n LF $430.33 15 $6,455 5 
12-in SS Well Screen LF $359.72 255 $91,729 85 
12-in SS Well Plug Ea $767.56 3 $2,303 1 
HS Auger, 16-in OD LF $110.28 330 $36,392 110 
Drums Ea $65.19 75 $4,889 
Haul Drummed Waste (1 Trip) Mi $1.44 502 $723 
Cuttings Disposal (per Drum, Stabilization 
Required) Ea $236.33 75 $17,725 
Gravel Pack LF $36.79 270 $9.933 90 
Cement Grout LF $14.69 60 $881 20 
Surface CompletionNault Ea $3,659 3 $10,977 1 
GW Pump. 5 HP. 230V, VFD. Controls. 
Probe . Ea $4.656 3 $13,969 
Restricted Area Well Protection Ea $1.077 3 $3.231 1 
Control Building Ea $10.000 1 $10,000 

12-in HOPE Piping (header and discharge 
piping) LF $14.47 6000 $86,820 
Cat 225 Trenching, 1.5 CY CY $1.23 1778 $2,187 
950 3 CY Backfill w/ Excavated Mafl CY $1.70 1453 $2,470 
Vibrating Plate Compaction CY $4.85 1453 $7,047 

Design & Permitting ( 15% of Capital 
Costs) LS $50,279 

Subtotal: $385,473 

lliapltal 
Costs Barrier Wall Installation Item: Unit Unit Cost Quantity Extended Cost 

Mob/Demob for Jet-Grouted Barrier Wall 
Installation LS $50.000 1 $50,000 
Total Construction Costs SF $13.00 420000 $5,460,000 

Design & Permitting (15% of Capital 
Costs) LS $826,500 

Subtotal $6,336,500 
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Table 5-1 
Groundwater Alternative B -Physical Barrier 

Deep Zone 
( 100 It) Monitoring Well Installation Item: Unit Unit Cost Quantity 

Mob/Demob LS 52.401.00 0.25 

OVA DAY $184.30 3 
Decon DAY $20;).3-.. 3 
2-in SS Well Casing LF $21.73 90 
2-in SS Well Screen LF $18.41 10 
2-in Submersible Pump DAY $63.86 3 
Hollow-stem Auger, B-in OD LF $43.66 100 
2-in Screen Filter Pack LF $9.27 12 
Surface Pad, 4x4x4in EA $18.43 1 
2-in Well, Portland Cement Grout LF $0.92 86 
2-in Well, Bentonite Seal EA $34.34 1 
8x8x5-ft Steel Cover EA $365.64 1 
5-ft Guard Posts EA $61.84 4 

Deep Zone Subtotal, per Well 

Intermediate 
Zqne {60 It 

Extended Cost 

$600 

$55:3 
$616 

$1,956 
$184 
$192 

$4,366 
$111 
$18 
$79 
$34 

$366 
$247 

$9,323 

Based on 4 

well clusters 

td) Monitoring Well Installation Item: Unit Unit Cost Quantity Extended Cost 
·Mob/Demob LS $2,401.00 0 $0 
OVA DAY $184.30 2 $369 
Decon --- DAY $205.34 2 $411 
2-in SS Well Casing LF $21.73 50 $1,067 
2-in SS Well Screen LF $18.41 10 $184 
2-in Submersible Pump DAY $63.86 2 $126 
Hollow-stem Auger, 8-in 00 LF $43.66 60 $2,62(J 
2-in Screen Filter Pack LF $9.27 12 $111 
Surface Pad, 4x4x4in EA $18.43 1 $18 
2-in Well, Portland Cement Grout LF $0.92 46 $42 
2-in Well, Bentonite Seal EA $34.34 1 $34 
8x8x5-ft Steel Cover EA $365.64 1 $366 
5-ft Guard Posts EA $61.84 4 $247 

Intermediate Zone Subtotal, per Well $5,617 
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Table 5-1 
Groundwater Alternative B - Phys1cai Barrier 

Shallow Zone 
(30ft ld) Monitoring Well Installation Item: Unit Unit Cost Quantity Extended Cost 

Mob/De mob LS $2,401.00 0 $0 
OVA DAY $184.30 1 $184 
Decon DAY $205.34 1 $205 
2-in SS Well Casing LF $21.73 20 $435 
2-in SS Well Screen LF $18.41 10 $184 
2-in Submersible Pump DAY $63.86 1 $64 
Hollow-stem Auger, B-in OD LF $43.66 30 $1,310 
2-in Screen Filter Pack LF $9.27 12 $111 
Surface Pad, 4x4x4in EA $18.43 1 $18 
2-in Well. Portland Cement Grout LF $0.92 16 $15 
2-in Well, Bentonite Seal EA $34.34 1 $34 
8x8x5-ft Steel Cover EA $365.64 1 $366 
5-ft Guard Posts EA $61.84 4 $247 

Shallow Zone Subtotal, per Well $3,174 

IPiezometer Installation Item: Unit Unit Cost Quantity Extended Cost 4 Piezometers 
120ft ld Mob/De mob LS $2,401.00 

1-in SS Well Casing LF $14.49 
1-in SS Well ~feen LF $12.28 

Total Piezometers 

Monitoring Well Installation Total, per Three Zone Well Cluster 
Number of Clusters 
Piezometer well Installation (4 fully penetrating wells) 
Total Monitoring Well/Piezometer Installation 

1 
80 

400 

$2,401 
$1,159 
$4,912 
$8,47.2 

$18,113 
4 

$~.472 
$80,924 
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Table 5-1 
Groundwater Alternative B • Physical Barrier 

~~!~s Quarterly GW Sampling Item: Unit Unit Cost -fouantity Extended Cost 

Volatiles Ea $175 48 $8.400 4 

Semi-vo I a tiles Ea $457 48 $21.936 wells/cluster 
Metals Ea $290 48 $13.920 3 

PCBs/Pesticides Ea $207 48 59.936 samples/event 
Dioxins Ea $182 48 $8,736 12 
Herbicides Ea $225 48 510.800 no. eventslyr 
OVA Day $184 12 52.208 4 
Pump Wk $192 12 $2,304 
Water Quality Meter Day $228 12 $2.736 
Truck Day $33 12 $396 
PPE Day $59 12 $600 
Drums Ea $65 96 $6.240 
Sampling Crew Hr $85 240 $20.400 
Drum loading Ea $6.21 96 $596 
Drum Transport Mi $1.50 2008 $3,01~ 
Drum Disposal Ea $140 96 $13.440 
Report Ea $15.000 4 $60.000 

Subtotal. Quarterly GW Sampling: $185.660 
Discount 

Rate Period Present Value 
Present Value. 5 yr period 0.07 5 $761,243j 

IU&M 
~.Costs Semi-Annual GW.SSmpllng Item: Unit Unit Cost Quantity Extended Cost 

Volatiles Ea $175 24 $4.200 4 

Semi-volatiles Ea $457 24 $10,968 wells/cluster 
Metals Ea $290 24 $6,960 3 
PCBs/Pesticides Ea $207 24 $4,968 samples/event 
Dioxins Ea $182 24 54.368 12 
Herbicides Ea $225 24 $5,400 no. eventslyr 
OVA Day $184 6 $1 '104 2 
Pump Wk $192 6 $1.152 
Water Quality Meter Day $228 6 $1.368 
Truck Day $33 6 $198 
PPE Day $50 6 $300 
Drums Ea $65 48 $3,120 
Sampling Crew Hr $85 120 $10.200 
Drum Loading Ea $6.21 48 $298 
Drum Transport Mi $1.50 1004 $1.506 
Drum Disposal . Ea $140 48 $6,720 
Re~ort Ea $15.000 2 $30.000 

Subtotal, Semi-Annual GW Sampling: $92.830 
Discount 

Rate Period Present Value 
Present Value, 30 yr period 0.07 30 $1,151,932 
Present Value, 5 yr period 0.07 5 $380.622 
Present Value. Years 5 thru 30 $771.311 
Note. Quarterly sampling years 1 through 5, sem1-annual samplmg years 5 through 30. 
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Table 5-1 
Groundwater Alternative B- Physical Barrier 

IU&M 
Costs Bioaccumulation Sampling Item: Unit Unit Cost Quantity Extended Cost 

I_M_ob/Demob. Ls $5.000 1 $5.000 
Fish Composites · Ea 900 3 $2,700 
Analyses Ea 2000 3 $6.000 ---- qe_eort Ls 5000 1 $5,000 

I ::subtotal, Bioaccumu1at1on sampling $18,700 
Discount 

Rate Period Present Value 
Present Value, 30 yr period 0.07 30 $232,049 

IU&M 
Costs Treatment Item: Unit Unit Cost Quantity Extended Cost Flow. gpm 

Treatment/Disposal to POTW 10;;~gal $5 281,196 $1,405,980 535 
Subtotal, Operation & 1 reatment $1,405,980 

Discount 
Rate Period Present Value 

Present Value, 30 yr period 0.07 30 $17,446,864 

IU&M . 
Costs Operation Item: Unit Unit Cost a..~~w Extended Cost 

Monthly Maintenance Ea $600.00 12 $7,200 
Well Pump Replacement Ea $3,040 1 $3,040 
Electrical Hr $1.81 8760 $15,856 

::;uotota1 Operation & Treatment $26,096 
Discount 

I 
Rate Period Present V!ilue 

Present Value, 30 yr period 0.07 30 $323,821 

~ 

Costs Institutional Controls Item Unit Unit Cost Quantity Extended Cost 
Otrlylnspection, Report Ea $2,500 4 $10,000 
Annual Fencing. Signage Repairs Ea $5,000 1 $5,000 
Annual Public Meetings, Information 
Distribution Ea $5,000 1 $5,000 

Subtotal, Annual Institutional Controls $20,000 
Discount 

Rate Period Present Value 
Present Value, 30 yr period 0.07 3{J $248,181 
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Sauget Area 2: Record· of Decision 

APPENDIX A 

PART III: RESPONSIVENESS SUMMARY 

The responsiveness summary addresses public comments on the 
proposed plan for the interim groundwater remedial action at the 
Sauget Area 2 Superfund Site. The proposed plan was issued on 
June 17, 2002. A public comment period was held from June 17, 
2002, to August 16, 2002, including a 30-day extension. An 
extension to the public comment period was requested. As a 
result, it was extended to August 16, 2002. A public meeting was 
held on June 24, 2002, to present the proposed plan and to accept 
oral and written comments. 

SUMMARIZED COMMUNITY CONCERNS 

Comment: We have some very low lying areas around Kinder, Edward, 
and Angelo streets. By taking this type of action at the Site, 
will that hopefully affect the Village of Cahokia and lower the 
water. 

Response: The area of influence of the groundwater pumping is 
expected to extend only several hundred feet east of the grout 
wall. Therefore, the remedy will have no impact on groundwater 
levels in the Village of Cahokia. 

Comment:. My experience as a resident in the floodplain with 
groundwater pumps is that they break down--.a lot. There are 
incredible maintenance problems with them. In just ordinary 
American Bottom groundwater, there is a high iron content in and 
it has to be treated before it is released into any body of 
water. I can't imagine with all the chemicals involved in the 
Sauget Area ? site--and they are not listed in your fact sheet-
what that would do to pumping, treating, etc. There would 
undoubtedly be massive maintenance problems with the pumps. IDOT 
has given up pumping Highway 64 at East St. Louis because it is 
too expensive to continue pumping and to maintain the pumps. 

Response: The final design for groundwater pumps will reflect 
many years experience gained implementing pump-and-treat remedies 
at many other similar sites and will be specifically tailored to 
account for the unique chemical signature of groundwater 
underlying the Sauget sites. Also, a formal operations and 
maintenance (O&M) program will be in place to continuously 
monitor system performance. As such, we are confident that the 



Sauget Area 2: Record of Decision 

proposed groundwater extraction and treatment system will 
continue to operate successfully for the duration of the project. 

Comment: Solutia's financial status has been shaky of late. If 
you opt for what you are proposing, will the taxpayers have to 
pick up the bill for the pumping? That needs to be addressed and 
the taxpayers need to have the opportunity to comment. 

Response - At this time, EPA believes the selected remedy will be 
implemented and operated by potentially responsible parties 
(PRPs). A number of viable PRPs have been identified for the 
Sauget Area 2 Site. The basic principal of the Superfund 
enforcement program is to make the responsible parties pay for 
the response activities needed to clean up sites. The 
enforcement program relies heavily upon the statutory authority 
provided by the Comprehensive Environmental Response, 
Compensation, and Liability Act (CERCLA), particularly sections 
104, 106, 107, and 122. If PRP response is not voluntarily 
obtained or is not adequate, EPA can either issue an order to 
compel the PRP to conduct the cleanup, or conduct the necessary 
cleanup itself and fund the cleanup with Federal Trust Fund 
monies. In the latter situations where EPA has performed removal 
or remedial activities at the site or incurred any enforcement 
costs, the enforcement program's goal is to recover those costs 
from the PRPs. 

Cost is a critical factor in the process of identifying a 
preferred remedy regardless of whether the action will be PRP or 
Fund lead. In fact, CERCLA and the NCP require that every remedy 
selected must be cost-effective. Of the remedies evaluated, the 
selected remedy is the most cost-effective. By choosing a cost
effective remedy, it is far more likely that the PRPs will be 
able to fund the selected remedy over the long term. 

By having a strong enforcement program and selecting cost
effective remedies, EPA reduces the likelihood that the taxpayers 
will have to fund the response action. 

Comment: If the barrier method is used, for how long will it be 
in place? 

Response: Although the barrier wall is considered an interim 
groundwater remedial action, it is expected that this interim 
action will be compatible with and complement the final 
groundwater remedial action. Therefore, it is expected that the 

2 
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barrier wall will continqe to be operated and maintained until 
the cleanup objectives determined in the final groundwater ROD 
are reached. The barrier is designed to be a permanent solution. 

Comment: What about the shrink-swell qualities of the soil? 

Response: Because the soils are principally granular - silts, 
sands, and gravels - they do not shrink or swell; shrink-swell 
characteristics are features of clay soils. In case the question 
is referring to the grout-wall, please be assured that 
comprehensive field-scale tests of various grout mixes are 
already underway to optimize grout-sand mixing strength and 
integrity. 

Comment: What about the groundwater levels changing? When the 
river is up groundwater flows away from the river. How is that 
addressed? Will that contaminate other waters? 

Response: A 1994 Geraghty & Miller report evaluated groundwater 
flow conditions at Site R. During low river stage conditions, 
groundwater at Sauget Area 2 flows from east to west and releases 
to the Mississippi River, the natural release point for 
groundwater in the American Bottoms aquifer. During periods of 
high river stage, when the river rises higher than the water 
table, gradients are reversed. For example, in November 1985 
river stage was 32 to 33 feet above the USACE datum (low flow 
river stage is 5 to 7 feet above this datum). Groundwater 
elevation in the Middle Hydrogeologic Unit at the downgradient 
edge of Site R was 406 ft. Above mean sea level (MSL) and 394 ft. 
above MSL at Route 3. Under these conditions, groundwater flow 
was from west to east for a distance of approximately 4,500 feet. 
Flow in the upper, middle and deep hydrogeologic units is toward 
the east, but eventually reaches a stagnation point where the 
eastward gradient equals the westward regional gradient. This 
"riverbank storage effect" can last from several days to a few 
weeks. The Geraghty & Miller report found that analytical data 
from well clusters located adjacent to the flood control levee 
indicate that there has been little, if any, transport of 
constituents from Site R to the east. The Geraghty & Miller 
report on groundwater flow conditions at Site R is in Volume 2 of 
the Focused Feasibility Study which can be found in the 
Administrative Record. 

The selected remedy address groundwater level changes by 
continuously recording and monitoring groundwater levels on 

3 
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either side of the grout wall using full-time telemetry that will 
be linked in real-time to adjecent river water levels. This will 
allow pumping rates to be constantly adjusted to account for 
changes in river level and to ensure that groundwater does not 
flow either east into the sites, or west and into the river. 
Thi~ ·vater level monitoring and pumping rate adjusting will 
produce essentially zero-head conditions across the grout wall 
thereby minimizing.the potential for contaminated groundwater to 
exit the site capture zone or for river water to enter the site 
and mix with contaminated groundwater. 

Comment: That area is in the New Madrid fault zone. The bridges 
just north of the site are being reinforced in anticipation of an 
earthquake. How would an earthquake affect each method? 

Response: The potential effects of a future earthquake are not a 
feature of the grout wall design because the grout wall, when 
finished, will be an integral part of the subsurface and will be 
laterally supported on all sides by the natural soil pressures. 
Typically, earthquake-specific design requirements are for 
aboveground structures. Should an earthquake occur, the 
integrity of the barrier wall would be evaluated and any 
necessary repairs made. 

Comment: Where have these methods been successfully tried? For 
how long a period? 

Response: There have been several successful applications of 
jet-grouting technology in Europe and North America. The 
technology has been around for several decades. One contractor 
Solutia has had discussions with on this project has built 
between 12 and 15 groundwater barriers using jet grouting 
techniques. One of these was constructed to a depth of 140 feet. 
Other contractors in the United States, Europe, and Japan have a 
similar experience record. 

Comment: We have heard there are plans to install other 
groundwater pumps in the flood plain. Has their impact on this 
site been evaluated? 

Response: EPA is unaware of the other pumps referenced above and 
whether the proposed pumping would impact the site. 

Comment: What is the area that will be affected by groundwater 
pumping? How will it affect the area wetlands? How will it 
affect any structures? 

4 
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Response: The area of influence of the groundwater pumping is 
expected to extend several hundred feet east of the grout wall, 
with the greatest drops in groundwater level occurring nearest 
the wall and associated groundwater pumps. Groundwater levels 
east of the existing levee should remain relatively unaffected. 
The actual radius of influence of the pumping wells will be 
determined during pre-construction aquifer pumping tests. Due to 
the limited influence of the groundwater pumping, there should be 
no impact on area wetlands and structures. 

Comment: You say the water will be treated before it is released 
into the river? How? Where will the toxins go? How clean will 
it be? Who will test it? How often will it be tested? Who will 
monitor the site? How often? Will there be split samples and 
independent labs? 

Response: Several groundwater treatment options are currently 
being evaluated. Selection of the actual treatment technologies 
and the location of the treatment system will be determined 
during the remedial design. 

The treatment component of the groundwater alternative will 
utilize presumptive technologies identified in EPA's groundwater 
presumptive strategy, "Presumptive Response Strategy and Ex-Situ 
Treatment Technologies for Contaminated Ground Water at CERCLA . 
Site", October 1996, Office of Solid Waste and Emergency Response 
(OSWER) Directive 9283.1-12. Since contaminants of concern 
include volatile and semivolatile organic compounds, one or more 
of the presumptive technologies - air stripping, granular 
activated carbon (GAC), chemical/UV oxidation and aerobic 
biological reactors - will be used for treating aqueous 
contaminants in the extracted groundwater. Final selection of 
these technologies will be based on additional site information 
to be collected during the remedial design. Based on this 
information and sound engineering practice, discharged water will 
have to meet applicable state and local permitting requirements 
for discharge to surface water. As a routine task, influent and 
effluent water qualities will be consistently sampled and 
monitored to ensure that all applicable treatment requirements 
are satisfied. 

5 
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Comment: Will the toxins volitalize? 

Response: Toxins comprising volatil~ organic compounds (VOCs) 
are found in the groundwater at the Site and do volatilize from 
groundwater into the air. It is this ability to volatilize that 
allows these chemicals to be readily removed from waste water 
during treatment. The treatment process will be designed to 
minimize the release of VOCs to the environment. 

6 



Sauget A~ea 2: Re=ard of Decision 

APPENDIX B 

ADMINISTRATIVE RECORD INDEX 



1 06/16/83 

2 05/00/88 

3 05/00/88 

4 12/10/98 

5 06/23/00 

6 08/01/00 

7 OB/25/00 

8 09/01/00 

U.S. ENVIRONMENTAL PROTECTION AGENCY 
REMEDIAL ACTION 

ADMINISTRATIVE RECORD 
FOR 

SAUGET AREA 2 GROUNDWATER INTERIM ACTION 
SAUGET AND CAHOKIA, ILLINOIS 

AUTHOR 

Ecology and 
Environment, 
Inc. 

Ecology and 
Environment, 
Inc. 

Ecology and 
Environment, 
Inc. 

Federal 
Register 

Carney, W., 
U.S. EPA 

Sol uti a, 
Inc. 

Tetra Tech 
EM, Inc. 

Solutia, 
Inc. 

ORIGINAL 
JUNE 20, 2002 

RECIPIENT 

U.S. EPA 

Illinois EPA 

Illinois EPA 

Public 

Addressees 

U.S. EPA 

U.S. EPA 

U.S. EPA 

TITLE/DESCRIPTION PAGES 

Preliminary Assessment 20 
for the Sauget/Sauget 
and Company Landfill 
Site 

Final Report: Expanded 476 
Site Inspection for the 
Dead Creek Sediment Sitei 
at Cahokia/Sauget, IL: 
Volume 1 of 2 (Text, 
Figures and Tables) 

Final Report: Expanded 554 
Site Inspection for the 
Dead Creek Sediment Sites 
at Cahokia/Sauget, IL: 
Volume 2 of 2 (Appendices 
A-F) 

National Recommended Water 12 
Quality Critera: Notice; 
Republication {FR Part IV 
EPA: Vol. 63, No. 237) 

Letter re: Special Notice 82 
of Liability for the 
Sauget Area 2 Site 

Description of Current 156 
Conditions for the W.G. 
Krummrich Plant, Sauget, 
Illinois: Volume 1 (Text, 
Tables, Figures, Attach-
ments 1-4 and Appendices 
1-15 [DRAFT] 

Community Involvement Plan 34 
for Sauget Areas 1 and 2 
Superfund Sites w/ Cover 
Letter 

Description of Current 687 
Conditions for the W.G. 
Krummrich Plant,· Sauget, 
Illinois Volume 2 (Append
ices 16-23) [DRAFT] 



9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

DATE 

09/01/00 

10/03/00 

10/10/00 

10/13/00 

11/24/00 

AUTHOR 

Solutia, 
Inc. 

Illinois 
EPA 

Mosher, B., 
Illinois 
EPA 

Bardo, K., 
U.S. EPA 

U.S. EPA 

01/22/01 ..., -Graczyk, L., 
Tetra Tech 
EM, Inc. 

01/26/01 

02/09/01 

05/15/01 

06/01/01 

08/09/01 

Search, G., 
Illinois 
EPA 

Hamper, G., 
U.S. EPA 

Graczyk, L., 
Tetra Tech 
EM, Inc. 

Menzie-Cura & 
Associates, 
Inc. 

Bardo, K., 
U.S. EPA 

RECIPIENT 

U.S. EPA 

File 

Bardo, K., 
U.S. :::PA 

Mosher, B., 
Illinois 
EPA 

Respondents 

Freeman, 8. , 
U.S. EPA 

Illinois 
EPA 

Hiller, R., 
Solutia, 
Inc. 

Barr, J., 
Dyna Corp. 

Solutia, 
Inc. 

Hiller, R., 
Solutia, 
Inc. 

Sauget Area 2 AR 
Page 2 

TITLE/DESCRIPTION PAGES 

Description of C~rrent 679 
Conditions for the W.G. 
Krummrich Plant, Sauget, 
Illinois Volume 3(Append-
ices 24-25) [DRAFT] 

Illinois EPA HazMat 6 
Incident Report re: a 
Crude Chlorobenzene Spill 
at the $olutia, Inc. 
Facility w/Attachments 

FAX Transmission re: 11 
Listing of Derived Water 
Quality Criteria as Pub
lished in the Illinois 
Register 

FAX Transmission re: 2 
Water Quality Criteria 
Standards 

Administrative Order by 59 
Consent re: the Sauget 
Area 2 Site 

Letter: Data Validation 58 
Report for Samples Collec-
ted October 24-November 3, 
2000 at the Solutia, Inc. 
Facility 

Memorandum re: January 33 
25, 2001 Meeting to Discuss 
Monochlorobenzene Release 
at the Solutia, Inc. 
Facility w/Attachments 

Letter re: Water Quality 28 
Criteria at Solutia, Inc. 
w/Attachments 

Chain of Custody Forms and 
Data Summary Forms for 
Solutia, Inc. w/Cover 
Letter 

Report: Ecological Risk 992 
Assessment for the W.G. 
Krummrich Plant in Sauget, 
IL (REV. 1: INTERNAL REVIEW 
DRAFT) 

Letter re: U.S. EPA's 15 
Comments on Solutia, Inc.'s 
June 21, 2001 Ecological 
Risk Assessment w/ Attach
ment 



20 11/14/01 

21 03/31/02 

22 03/31/02 

1 06/00/0~ 

1 06/24/02 

1 09/00/01 

2 06/00/02 

3 06/17/02 

AUTHOR 

Ribordy, H. , 
U.S. EP.n. 

Solutia, 
Inc. 

Solutia, 
Inc. 

U.S. EPA 

Pohlman 
Reporting 
Company 

Roy F. Weston, 
Inc. 

U.S. EPA 

Belleville 
News-Democrat 

RECIPIENT 

Smith, S., 
Solutia, 
Inc. 
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PREFACE 

Presumptive Remedies Initiative. The objective of the presumptive remedies initiative is to use the 
Superfund program's past experience to streamline site investigations and speed up selection of cleanup 
actions. Presumptive remedies are expected to increase consistency in remedy selection and implementation, 
and reduce the cost and time required to clean up similar types of sites. The presumptive remedies approach 
is one tool within the Superfund Accelerated Cleanup Model (SACM) (EPA, 1992d). 

Presumptive remedies are preferred technologies for common categories of sites, based on historical 
patterns of remedy selection and EPA's scientific and engineering evaluation of performance data on 
technology implementation. Refer to EPA Directive, Presumptive Remedies: Policy and Procedures (EPA, 
1993d) for general information on the presumptive remedy process and issues common to all presumptive 
remedies. This directive should be reviewed before utilizing a presumptive remedy and for further 
infonnation on EPA expectations concerning the use of presumptive remedies. "Presumptive remedies 
are e:s:pected to be used at all appropriate sites," except under unusual site-specific circumstances (EPA, 
1993d). 

Other Presumptive Remedy Guidance. Previous fact sheets from EPA's Office of Solid Waste and 
Emergency Response (OSWER) have established presumptive remedies for municipal landfill sites (EPA, 
1993t), for sites with volatile organic compounds in soils (EPA, 1993e) and for wood treater sites (EPA, 
1995g). A presumptive response selection strategy for manufactured gas plant sites is under development. 
Additional fact sheets are in progress for sites contaminated with polychlorinated biphenyl compounds 
(PCBs), metals in soils and for grain storage sites. 

Relation of this Guidance to Other Presumptive Remedies. The fact sheets mentioned above provide 
presumptive remedies-( or a strategy for selecting remedies) for "source control" at specific types of sites. 
With respect to ground-water response, source control refers to containment or treatment of materials that 
may leach contaminants to ground water, or a combination of these approaches. In general, treatment is 
expected for materials comprising the principal threats posed by a site, while containment is preferred for low 
level threats (EPA, 1991 c). Where contaminants have reached ground water and pose an unacceptable risk to 
human health or the environment, a ground-water remedy will generally be required in addition to the source 
control remedy and this guidance should be consulted. 

Instead of establishing one or more presumptive remedies, this guidance defines a presumptive response 
strategy. EPA expects that some elements of this strategy will be appropriate for all sites with contaminated 
ground water and all elements of the. strategy will be appropriate for many of these sites. In addition, this 
guidance identifies presumptive technologies for the ex-situ treatment component of a ground-water 
remedy, that are expected to be used for sites where extraction and treatment is part of the remedy. (The term 
presumptive technology is used in this guidance to denote only the ex-situ treatment component of a ground
water remedy.) Other remedy components could include methods for extracting ground water, enhancing 
contaminant recovery or degradation of contaminants in the subsurface, discharging treated water, preventing 
contaminant migration, and institutional or engineering controls to prevent exposure to contaminants. 

AppHcabiUty to RCRA Corrective Action Program. EPA continues to seek consistency between cleanup 
programs, especially in the process of selecting response actions for sites regulated under the Comprehensive 
Environmental Response, Compensation and Liability Act (CERCLA or Superfund program) and corrective 
measures for facilities regulated under the Resource Conservation and Recovery Act (RCRA). In general, 
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even though the Agency's presumptive remedy guidances were developed for CERCLA sites. they should 
also be used at RCRA Corrective Action sites to focus RCRA Facility Investigations. simplify evaluation of 
remedial alternatives in the Corrective Measures Study, and influence remedy selection in the Statement of 
Basis. For more information refer to the RCRA Corrective Action Plan (EPA. 1994c), the proposed Subpart 
S regulations (Federal Register, 1990b), and the May I, 1996 RCRA Corrective Action Advance Notice of 
Proposed Rulemaking (Federal Register, 1996). 

Use of this Guidance. The presumptive response strategy, described in Section 2.1, integrates site 
characterization, early actions, remedy selection, performance monitoring, remedial design and remedy 
implementation activities into a comprehensive, overall response strategy for sites with contaminated ground 
water. By integrating these response activities, the presumptive strategy illustrates how the Superfund 
Accelerated Cleanup Model (SACM) can be applied to ground-water cleanup. Although this response 
strategy will not necessarily streamline the remedial investigation/feasibility study (RifFS) phase, EPA 
expects that use of the presumptive strategy will result in significant time and cost savings for the overall 
response to contaminated ground water. By providing a mechanism for selecting achievable remediation 
objectives, the presumptive strategy will minimize the need for changing these objectives during remedy 
implementation. By optimizing the remedy for actual site conditions during implementation, the effectiveness 
of the selected remedy can be greatly increased, which will reduce the time and cost required to achieve 
remediation objectives. 

The presumptive· technologies for treating extracted ground water, identified in Section 3.1, are the 
technologies that should generally be retained for further consideration in the Detailed Analysis portion of the 
feasibility study (or in the remedial design as explained in Section 3.3.3). This guidance and its associated 
Administrative Record will generally constitute the Development and Screening of Alternatives portion of the 
feasibility study (FS) for the ex-situ treatment component of a ground-water remedy (see Section 3.3.2). In 
this respect, the presUJl1Ptive technologies will streamline the FS for this component of a ground-water 
remedy in the same way that other "presumptive remedies" streamline the FS for the overall remedy for their 
respective site types (see EPA, 1993d). 
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1.0 INTRODUCTION 

In implementing the Superfund and other 
remediation programs, cleanup of contaminated 
ground water has proven to be more difficult than 
anticipated. For many sites, the program 
expectation of returning ground waters to their 
beneficial uses (see Section I .2. I) often requires 
very long time periods and may not be practicable 
for all or portions of the site. Thus, the ultimate 
cleanup goal for ground water may need to be 
different over different areas of the site (see 
Section 1.3 .l ). For sites where achieving the 
ultimate goal wiU require a long time period, 
interim remediation objectives will generally be 
appropriate, such as preventing further plume 
migration. Therefore, a critical first step in the 
remedy sei«tion process is to determine the 
full range of remedial objectives that are 
appropriate for .a particular site. 

This guidance is intended to emphasize the 
importance of using site-specific remedial 
objectives as the focus of the remedy selection 
process for contaminated ground water. Those 

. remedy components-that influence attainment of 
remedial objectives should receive the greatest 
attention. For example if restoring the aquifer to 
beneficial use is the ultimate objective, remedy 
components that influence attairunent of cleanup 
levels in the aquifer include: methods for 
exlracting ground water, enhancing contaminant 
recovery, controlling subsurface contaminant 
sources (e.g., nonaqueous phase liquids or 
NAPLs, discussed in Appendix AI) or in-situ 
treatment of contaminants. Some or all of these 
remedy components should be included in 
remedial alternatives that are developed and 
evaluated in detaU in the feasibility study (FS) 
when aquifer restoration is a remedial 
objective. 

Although the technologies employed for treating 
extracted ground water and the types of discharge 
for the treated effluent are important aspects of a 
remedy, they have little influence on reducing 
contaminant levels or minimizing contaminant 
migration in the aquifer. In developing this 

guidance, historical patterns of remedy selection 
and available technical infonnation were reviewed 
in order to identifY presumptive technologies for 
ex-situ treatment of ground water. By providing 
presumptive technologies, this guidance 
attempts to streamline selection of these 
technologies and shift the time and resources 
employed in remedy selection to other, more 
fundamental aspects of the ground-water 
remedy. 

Although extraction and treatment has been and 
will continue to be used as part of the remedy for 
many sites with contaminated ground water, it 
may not be the most appropriate remediation 
method for all sites or for all portions of a given 
contaminant plume. Also, remedial alternatives 
that combine extraction and treatment with other 
methods, such as natural attenuation ( defmed in 
Section 2.6.5) or in-situ treatment, may have 
several advantages over alternatives that utilize 
extraction and treatment alone (see Section 2.4.2). 
(Remedial alternatives are evaluated against 
remedy selection criteria defmed in the National 
Contingency Plan at §300.430(e)(9)(iii) (Federal 
Register, 1990a).) In general, the remedy 
selection process should consider whether 
extraction and treatment can achieve remedial 
objectives appropriate for the site and how this 
approach can be most effectively utilized to 
achieve these objectives. This guidance also 
describes a presumptive response stnltegy 
which facilitates selection of both short and 
long-term remediation objectives during 
remedy selection, and allows the effectiveness 
of the remedy to be imiJroved during 
implementation. 

1.1 Purpose of Guidance 

In summary, this guidance is intended to: 

• Describe a presumptive response 
strategy, at least some elements of which 
are expected to be appropriate for all sites 
with contaminated ground water; 



• 

• 

ldentif~· presumptive technologies for 
treatment of extracted ground water (ex
situ treatment) that are expected to be 
used (sec EPA.I993d) for sites where 
extraction and treatment is part of the 
remedy: 

Simplify the selection of technologies for 
the ex-situ treatment component of a 
ground-water remedy, and improve the 
technical basis for these selections; and 

• Shift the time and resources employed 
in remedy selection from ex-situ 
treatment to other, more fundamental 
aspects of the ground-water remedy, as 
discussed above. 

1.2 Expectations and Objectives for Ground
Water Cleanup 

Careful consideration should be given to national 
program expectations as well as site-specific 
conditions when determining cleanup objectives 
that are appropriate for a given site. 

1.2.1 Program Expectations. Expectations for 
contaminated ground water are stated in the 
National Oil and Hazardous Substances Pollution 
Contingency Plan (NCP), as follows: 

"EPA expects to return usable ground 
waters to their beneficial uses wherever 
practicable, within a timeframe that is 
reasonable given the particular 
circumstances of the site. When 
restoration of ground water to beneficial 
uses is not practicable, EPA expects to 
prevent fi.1rther migration of the plume, 
prevent exposure to the contaminated 
ground water, and evaluate further risk 
reduction." (Federal Register, 1990a; 
§300.430 (a)(l)(iii)(F), emphasis added.) 

The Preamble to the NCP explains that the 
program expectations are not "binding 
requirements." "Rather, the expectations are 
intended to share collected experience to guide 
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those developing cleanup options" (Federal 
Register. 1990a: at 8702 ). 

1.2.2 Objectives for Site Response Actions. 
The program expectations can be used to defme 
the following overall objectives for site response 
actions. ,·,!"Ji:.::. ar' generally applicable for all sites 
with contaminalco ground water: 

• Prevent exposure to contaminated ground 
water, above acceptable risk levels; 

• 

• 

Prevent or minimize further migration of 
the contaminant plume (plume 
containment); 

Prevent or minimize further migration of 
contaminants from source materials to 
ground water (source control); and 

• Return ground waters to their expected 
beneficial uses wherever practicable 
(aquifer restoration). 

In this guidance the term "response action" is used 
to indicate an action initiated under either 
CERCLA removal or remedial authority. 
"Response objective" is the general description of 
what a response action is intended to accomplish. 
Source control is included as an objective because 
the NCP expectation of aquifer restoration will 
not be possible unless further leaching of 
contaminants to ground water is controlled, from 
both surface and subsurface sources. The 
objectives, given above, are listed in the 
sequence in which they should generaUy be 
addressed at sites. 

Monitoring of ground-water contamination is not 
a separate response objective, but is necessary to 
verify that one or more of the above objectives has 
been attained, or will likely be attained (see 
Section 2. 1.3 ). Other response objectives may 
also be appropriate for some sites, depending on 
the type of action being considered and site 
conditions (e.g., maximizing the reuse of extracted 
ground water may be an appropriate objective for 
some sites). Response objectives may be 



different over different portions of the 
contaminant plume, as discussed in Section 
1.3.1. 

1.3 Lessons Learned 

The most important lesson learned during 
implementation of Superfund and other 
remediation programs is that complex site 
conditions are more common than previously 
anticipated, including those related to the source 
and type of contaminants as well as site 
hydrogeology. As a result of these site 
complexities, restoring all or portions of the 
contamiilant plume to drinking water or similar 
standards may not be possible at many siLes using 
currently available technologies. 

1.3.1 Sources and Types of Contaminants. 
Approximately 85 percent of sites on the 
CERCLA National Priorities List (NPL sites) 
have some degree of ground-water contamination. 
Contaminants have been released to ground water 
at a wide variety of site types and can include a 
variety of contaminants and contaminant 
mixtures. Sources~fcontaminants to ground 
water not only include facilities from which the 
original release occurred (e.g., landfills, disposal 
wells or lagoons, storage tanks and others) but 
also include contaminated soils or other 
subsurface zones where contaminants have come 
to be located and can continue to leach into ground 
water (e.g., NAPLs, see Appendix A I). Thus, the 
plwne of contaminated ground water may 
encompass NAPLs in the subsurface (sources of 
contamination) as well as dissolved contaminants. 
In this case, different response objectives may be 
appropriate for different portions of the plume. 
For example, source control (e.g., containment) 
may be the most appropriate response objective 
for portions of the plume where NAPLs are 
present and can not practicably be removed, while 
aquifer restoration may be appropriate only for the 
remaining portions of the plume (see Section 
2.5.3). 

Although originating from a variety of sources, 
contaminants which reach ground water tend to be 
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those that are relatively mobile and chemically 
stable in the subsurface environment (e.g., less 
likely to sorb to soil particles or degrade above the 
water table). Organic and inorganic contaminants 
most frequently found in ground water at 
CERCLA sites are listed in Appendix A2. 
Sixteen of the 20 most common organic 
contaminants are volatile organic compounds 
(VOCs). Of the 16 VOCs, 12 are chlorinated 
solvents and four are chemicals found in 
petroleum fuels. Petrolewn fuels are light 
nonaqueous phase liquids (LNAPLs, with a 
density lighter than water); while most chlorinated 
solvents are dense nonaqueous phase liquids 
(DNAPLs) in pure form (see Appendix AI). 

1.3.2 Factors Limiting Restoration Potential. 
At many sites, restoration of ground water to 
cleanup levels defmed by applicable or relevant 
and appropriate requirements (ARARs) or risk
based levels may not be possible over all or 
portions of the plume using currently available 
technologies. Two types of site conditions inhibit 
the ability to restore ground water: 

• Hydrogeologic factors, and 

• Contaminant-related factors. 

Recent studies by EPA and others have concluded 
that complex site conditions related to these 
factors are more common at hazardous waste sites 
than originally expected (EPA, 1989a, 1992b, 
1992g, and l993b; and the National Research 
Council, 1994). Examples ofhydrogeologic or 
contaminant-related factors affecting the difficulty 
of restoring ground water are given in Figure l. 
These types of site conditions should be 
considered in the site conceptual model, which is 
an interpretive swnmary of the site information 
obtained to date (not a computer model). Refer to 
EPA, 1993b and 1988a for additional information 
concerning the site conceptual model. For every 
site, data should be reviewed or new data 
should be coUected to identify factors that 
could increase (or decrease) the difficulty of 
restoring ground water. 



Figure 1. Examples of Factors Affecting Ground-Water R8storation Potential 

Certain site characteristics may limit the effectiveness of subsurface remediation. The examples listed below are highly 
generalized. The particular factor or combination of factors that may critically limit restoration potential will be site specific. 
(Figure 1 is taken from EPA. 1993b with minor modifications.) 

Site/Contaminant 
Generalized Remediation Difficulty Scale 

Characteristics 
Increasing difficulty 

-
Q) Small Volume large Volume 
Ill 

Nature of Release Short Duration __... long Duration ::J . 
$ Slug Release Continual Release 
u; 

Biotic/Aboitic Decay High low Ill . 
Q) Potential € 
Q) 
a. 

Volatility High .. low e . 
Q. 

iii 
'-' Contaminant Low High ·e _ .. 
Q) Retardation (Sorption) .t::. 
u Potential 

c: 
Contaminant Phase Aqueous. Gaseous __.. Sorbed __.. lNAPLs __. DNAPls 0 

"" :::1 
..c :s 
"' Volume of i5 
c: Contaminated Media Small Large 
01 
c: 
E Contaminant Depth ShaDow Deep 01 c: 
0 
u 

Hydrogeologic 
Characteristics 

Stratigraphy Simple Geology, ... Complex Geology, 
e.g., Planar Bedding e.g., Interbedded and Discontinuous 
Strata 

>. 

~ Texture of 
0 Unconsolidated Deposits Sand Clay Q) 

C) 

Degree of Heterogeneity .... 
Homogeneous Heterogeneous e.g., interbedded sand and 
e.g., weN-sorted sand silts, clays, fractured media, karst 

Hydraulic Conductivity High (>10'2 em/sec) ... low(< 1r! em/sec) 

~ 
of Aquifer 

~ Temporal Variation little/None ... High 
'-' of Flow Regime 
'3 
!!! Vertical Flow little .. Large Downward Flow '0 . 
>- Component ::t: 
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1.3.3 Assessing Restoration Potential. 
Characterizing all site conditions that could 
increase the difficulty of restoring ground water is 
often not possible. As a result, the likelihood that 
ARAR or risk-based cleanup levels can be 
achieved (restoration potential) is somewhat to 
highly uncertain for many sites, even after a 
relatively complete remedial investigation. This 
uncertainty can be reduced by using remedy 
performance in combination with site 
characterization data to assess the restoration 
potential. By implementing a ground-water 
remedy in more than one step or phase (as two 
separate actions or phasing of a single action as 
described in Section 2.2}, performance data from 
an initial phase can be used to assess the 
restoration potential and may indicate that 
additional site characterization is needed. In 
addition to providing valuable data, the initial 
remedy phase can be used to attain short-term 
response objectives, such as preventing further 
plwne migration. Phased implementation of 
response actions also allows realistic long-term 
remedial objectives to be determined prior to 
installation of the comprehensive or "final" 
remedy. --

A detailed discussion of factors to consider for 
assessing restoration potential is provided in 
Guidance for Evaluating the Technical 
Impracticability of Ground- Water Restoration 
(EPA, 1993b; Section 4.4.4). An especially 
important tool for this evaluation is the site 
conceptual model, which should integrate data 
from site history, characterization and response 
actions. This assessment could provide 
justification for waiving ARARs due to technical 
impracticability from an engineering perspective 
overall or portions ofa site (EPA, 1993b). It is 
recommended that technical assistance be enlisted 
from regional technical support staff or the 
Technical Support Project (EPA, 1994d) when 
evaluating technical impracticability. 

Data from remedy performance are not always 
necessary to justify an ARAR waiver due to 
technical impracticability (see Section 2.6.3). 
At the completion of the remedial investigation 
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(Rl), site conditions may have been characterized 
to the extent needed for EPA (or the lead agency) 
to determine that ground-water restoration is 
technically impracticable from an engineering 
perspective (EPA, 1993b; EPA 1995b). For this 
case, an ARAR waiver request can be submitted 
to EPA (or the lead agency), and if approved, 
included in the Record of Decision (ROD). It will 
often be appropriate to include an ARAR waiver 
in the ROD for portions of a site where DNAPLs 
have been confirmed in the aquifer (see Section 
2.5.3) .. 

2.0 PRESUMPTIVE RESPONSE 
STRATEGY 

2.1 Definition and Basis for Strategy 

Key elements of the presumptive strategy are 
swnmarized in Highlight 1. In the presumptive 
response strategy, site characterization and 
response actions are implemented in a several 
steps, or in a phased approach. In a phased 
response approach, site response activities are 
implemented in a sequence of steps, or phases, 
such that information gained from earlier phases is 
used to refme subsequent investigations, 
objectives or actions (EPA, J 989a, 1992b, 
1993b). 

In general for sites with contaminated ground 
water, site characterization should be 
coordinated with response actions and both 
should be implemented in a step-by-step or 
phased approach. 

Performance data from an initial response action 
are also used to assess the likelihood that ARAR 
or risk-based cleanup levels can be attained by 
later, more comprehensive actions. Although it is 
recognized that phased implementation may not 
be appropriate for all ground-water remedies, EPA 
expects that some elements of this strategy will be 
appropriate for aU sites with contaminated ground 
water and that all elements will be appropriate for 
many of these sites. For this reason, the 
response approach given in 



Highlight 1. Presumptive Response 
Strategy 

• 

• 

• 

• 

• 

• 

• 

For sites with contaminated ground 
water, site characterization 
should be coordinated with 
response actions and both should 
be implemented in a phased 
approach (Sections 1.3.3 and 2.1 ). 

Early or interim actionsshould be 
used to reduce site risks (by 
preventing exposure to and further 
migration of contaminants) and to 
provide additional site data (Section 
2.1.2). 

Site characterization and 
performance data from early or 
interim ground-water actions should 
be used to assess the likelihood 
of restoring ground waterto 
ARAR or risk-based cleanup levels 
(restoration potential). (Sections 
1.3.3 and 2.1.2.) 

The restoration potential should be 
assessed prior to establishing 
objective .. for the long-term 
remedy (Sections 1.3.3 and 2.1.2). 

All ground-water actions should 
include provisions for monitoring 
and evaluating their performance 
(Section 2.1.3). 

Ground-water response actions, 
especially those using extraction 
and treatment. should generally be 
implemented in more than one 
phase -- either as two separate 
actions or phasing of a single action 
(Sections 2.2.1 and 2.2.2). 

In addition to phasing, post
construction refinenientswill 
generally be needed for long-term 
remedies. especially those using 
extraction and treatment (Section 
2.3.1). 
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Highlight 1 is a presumptive strategy for 
contaminated ground water. 

Also, this response strategy is considered 
presumptive because the basic elements were 
included in all previous policy directives 
concem:.1g 1o, .11 • ·1d-water remediation from EPA's 
Office of Solid \\- dSte and Emergency 
recommended use of a phased approach for site 
characterization and response actions, and more 
frequent use of early actions to reduce site risks. 
Better integration of site activities and more 
frequent use of early actions are also essential 
components of the Superfund Accelerated 
Cleanup Model (SACM), defined in EPA, 1992d. 

2.1.1 Benefits of Phased Approach. 
Implementing investigations and actions in phases 
provides the following major benefits: 

• Data from earlier response actions are 
used to further characterize the site and 
assess restoration potential; 

• 

• 

• 

• 

Attainable objectives can be set for each 
response phase; 

Flexibility is provided to adjust the 
remedy in response to unexpected site 
conditions; 

Remedy performance is increased, 
decreasing remediation timeframe and 
cost; and 

Likely remedy refmements are built into 
the selected remedy, better defming the 
potential scope and minimizing the need 
for additional decision documents. 

2.1.2 Early Actions. "Early" refers to the timing 
ofthe start of an action with respect to other 
respon~c:: actions at a given site. For Superfund 
sites, early actions could include removal actions, 
interim remedial actions, or early final remedial 
actions (EPA, l992b and EPA, l99l b). Although 
initiated prior to other actions, some early ground
water actions may need to operate over a long time 



period (e.g., hydraulic containment actions). In 
this guidance the later. more comprehensive 
ground-water action is called the "long-term 
remedy, " consistent with SACM terminology 
(EPA, 1992e ). Early actions that should be 
considered in response to contaminated ground 
water are listed in Highlight 2, categorized by 
response objective. Early or interim actions 
should be used to reduce site risks (by 
preventing exposure to contaminated ground 
water and further migration of contaminants) 
and to provide additional sit.e data. 

Factors for determining which response 
components are suitable for early or interim 
actions include: the timeframe needed to a:tain 
specific objectives, the relative urgency posed by 
potential or actual exposure to contaminated 
ground water (e.g., likelihood that contaminants 
will reach drinking water wells), the degree to 
which an action ;.,ill reduce site risks, usefulness 
of information to be gained from the action, site 
data needed to design the action, and compatibility 
with likely long-term actions (EPA, J992e). 
Whether to iri:lplement early response actions and 
whether to use reJ'JUWal or remedial authority for 
such actions should be determined by the 
"Regional Decision Team" defmed under SACM 
(EPA, l992t) or similar decision-making body for 
the site. 

Early or interim actions should be integrated as 
much as possible with site characterization and 
with subsequent actions in a phased approach. 
Once implemented, early actions will often 
provide additional site characterization 
information, which should be used to update the 
site conceptual model. Also, treatability studies 
(see Section 3.4.5) needed for selection or design 
of the long-term remedy should be combined with 
early actions whenever practical. Site 
characterization and performance data from early 
or interim ground-water actions should be used to 
assess the likelihood of restoring ground water to 
ARAR or risk-based cleanup levels (restoration 
potential). The restoration 

7 

Highlight 2. Early Actions That Should 
Be Considered 

Prevent exposure to contaminated ground 
water: 

• Plume containment 

· • Alternate water supply 

• Well head treatment 

• Use restrictions 

Prevent further migration of contaminant 
plume: 

• Plume containment 

• Contain (and/or treat) plume "hot 
spots" 

Prevent further migration of contaminants 
from sources: 

• Source removal and/or treatment 

Excavate wastes or soils 
and remove from site 

Excavate soils and treat ex
situ 

Treat soils in-situ 

Extract free-phase NAPLs 
(see Appendix A1) 

• Source containment 

Contain wastes or soils 

Contain subsurface NAPLs 

Provide additipnal site data: 

• Assess restoration potential 

• Combine actions with treatability 
studies 



potential should be assessed prior to 
establishing objectives for the long-term 
remedy (see Section 1.3.3 ).2.1.3 Monitoring. 
Monitoring is needed to evaluate whether the 
ground-water action is achieving, or will achieve, 
the intended response objectives for the site (see 
Section 1.3.1) and other performance objectives 
for the action (e.g., discharge requirements). All 
ground-water actions should include 
provisions for monitoring and evaluating their 
performance. A monitoring plan should be 
developed for both early and long-term actions. In 
general. the monitoring plan should include: 

• Response objectives and performance 
requirements for the ground-water action; 

• Specific monitoring data to be collected; 

• Data quality objectives; 

• Methods for collecting, evaluating and 
reporting the performance monitoring 
data; and 

• Criteria for dpmonstrating that response 
objectives and performance requirements 
have been attained. 

Flexibility for adjusting certain aspects of 
monitoring during the life of the remedy should be 
included in the monitoring plan, such as changes 
in the monitoring frequency as the remedy 
progresses or other changes in response to remedy 
refmements (see Section 2.3.1 ). A detailed 
discussion of the data quality objectives process is 
provided in EPA, 1993j. Methods for monitoring 
the performance of extraction and treatment 
actions are discussed in EPA, 1994e. 

2.2 Phased Response Actions 

In general, ground-water response actions, 
especially those using extraction and 
treatment, should be implemented in more 
than .one phase. There are two options for 
phasing response actions- implementation of two 
separate actions, or implementation of a single 
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action in more than one phase. It is recognized 
that phased implementation may not be 
appropriate for all ground-water remedies. In 
some cases, it may be more appropriate to install 
the entire remedy and then remove from service 
those components that later prove to be unneeded. 

2.2.1 Two Separate Actions. In this approach an 
early or interim ground-water action is followed 
by a later, more comprehensive action (the long
term remedy). A flow chart of this approach is 
given in Figure 2. Earlier ground-water actions 
are used to mitigate more immediate threats, such 
as preventing further plume migration. Response 
objectives for the long-term remedy are not 
established until after performance of the earlier 
action is evaluated and used to assess the 
likelihood that ground-water restoration (or other 
appropriate objectives) can be attained. Two 
separate decision documents are used, in which 
response objectives are specified that are 
appropriate for each action. The earlier decision 
document could be an Action Memorandum or an 
Interim Record of Decision (Interim ROD), since 
the early action could be initiated under either 
CERCLA removal or remedial authority. This 
approach should be used when site 
characterization data are not sufficient to 
determine the likelihood of attaining long-term 
objectives (e.g., restoring ground water) over 
all or portions of the plume, which will be the 
case for many sites. In order to provide 
sufficient data for assessing the restoration 
potertial, the early or interim action may need to 
operate for several years. 

2.2.2 Phasing of a Single Action. In this 
approach the long-term remedy for ground water 
is implemented in more than one design and 
construction phase. A flow chart of this approach 
is given in Figure 3. Response objectives for the 
long-term remedy are specified in a single Record 
of Decision (ROD) prior to implementing the 
remedy. Provisions for assessing the attainability 
of these objectives using performance data from 
an initial remedy phase are also included in the 
ROD. Thus, phased remedy implementation and 
assessment of remedy performance are specified 



in one ROD. A second decision document could 
still be required if evaluation of the first phase 
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Figure 2. Phased Ground-Water Act1ons Early Action Followed by Long-Term Remedy 

This approach should be used when Site characteriZation data are not syffigeot to determine the likelihood of attaining tong-term 
objectives (e.g., restoring ground-water) over all or portions of the plume. 
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Figure 3. Phased Ground-Water Actions: Long-Term Remedy Implemented in Phases 

This approach should be used when site characterization dataare sufficient to determine that the likelihood 
of attaining long-term objectives is relatively high. 
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indicates that long-term objectives or other 
aspects of the remedy require modification. and 
the modified remedy differs significantly from the 
selected remedy in terms of scope, performance or 
cost (EPA. 1991 a). This approach should be 
used when site characterization data indicate 
that the likelihood of attaining long-term 
objectives is relatively high. 

When phased remedy implementation is specified 
in a ROD, the .Agency should ensure that the 
proposed plan contains sufficient information 
regarding the nature, scope timing and basis of 
future decision points and alternatives that the 
public is able to evaluate and comment on the 
proposed remedy. Example language illustrating 
how such an approach can be specified in the 
selected remedy portion of the ROD is included in 
Appendices 8 I and 82 for hypothetical sites. 
These examples follow the suggested ROD 
language given in-EPA. 1990b, although the 
wording has been updated to reflect this and other 
recent guidance (EPA, 1993b ). For comparison. 
suggested ROD language from the EPA, 1990b is 
included as Appendix 84. 

Phased implementation of a remedy can often be 
beneficial even for relatively simple ground-water 
actions. For example, one extraction well could 
be installed as the initial phase and the 
performance of this well would be used to 
determine whether any additional wells are needed 
and whether long-term objectives need to be re
evaluated. 

Phased implementation of an extraction and 
treatment remedy will require that the treatment 
system be designed to accommodate phased 
installation of the extraction system. Presumptive 
technologies for the treatment system and other 
design considerations are discussed in Section 3. 
Use of modular treatment components, which can 
be easily added or removed from the treatment 
system, may facilitate phased implementation or 
other changes in flow or contaminant 
concentration that may occur during the life of a 
remedy. Another approach is to design the 
treatment system for the higher flows expected 
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from all phases of the extraction system. Some 
components of the remedy. such as buried 
portions of the piping distribution system, are 
difficult to install in phases and should be 
designed to carry the highest expected flows. 

2.3 Post-Construction Refinements 

Even after phased implementation of a ground
water remedy, post-construction refinements will 
generally be needed because of the long time 
period over which the remedy will operate, 
especially for extraction and treatment remedies. 
The refmement portion of the long-term remedy, 
after phased design and construction, is shown in 
both Figures 2 and 3. 

2.3.1 Types of Refinements. Post-construction 
refmements that should be considered for 
extraction and treatment remedies are given in 
Highlight 3. These refinements are intended to be 
relatively minor changes to the remedy (i.e., for 
which an Explanation of Significant Differences 
(ESD) or ROD Amendment would generally not 
be required). For example, adding a new 
extraction or reinjection well, or a few additional 
monitoring wells should be considered a minor 
modification to a remedy that includes a relatively 
large number of such wells, because the overall 
scope, performance and cost of the remedy are not 
significantly changed (EPA, 199Ia). One or more 
such refmements should generally be implemented 
when the results of a remedy evaluation indicate 
that tJ-.ey are needed to increase the performance 
of the remedy or to decrease the remediation 
timeframe. 

2.3.2 Documenting Refinements. Potential post
construction refmements should be included in the 
ROD as part of the selected remedy. Listing 
specific remedy refinements in the ROD serves to 
communicate the anticipated full scope of the 
remedy to all concerned parties at an early date, 
and also minimizes the likelihood that a 
subsequent ESD or ROD Amendment will be 
needed. When remedy refinements are specified 
in a ROD, the Agency should ensure that the 



Highlight 3. Remedy Refinements for 
Extraction/Treatment Remedies 

• Change the extraction rate in some 
or all wells. 

• Cease extraction from some wells. 

• Initiate "pulsed pumping" (see 
Appendix A4). 

• Add or remove extraction or 
reinjection wells, or drains. 

• 
• 

Add or remove monitoring wells . 

Refine source control components 
of remedy. 

• Refine enhanced recovery or in-situ 
degradation components of remedy 
(see Jl{pte). 

• Refine ex-situ treatment 
components 

NOTE: A ground-water remedy could 
include both extraction and treatment and in
situ treatment metnods. 

proposed plan contains sufficient infonnation 
regarding the nature, scope timing and basis of 
future decision points and alternatives that the 
public is able to evaluate and comment on the 
proposed remedy. Example ROD language 
specifYing likely post-construction refinements for 
the extraction portion of the selected remedy is 
given in Appendices Bland 82. Even if an ESD 
is not required, a letter or memorandum should be 
included in the post-ROD portion of the 
Administrative Record explaining the minor 
remedy modifications and the reasons for them. 
Additional infonnation concerning documentation 
of remedy modifications can be found in the EPA 
fact sheet entitled Guide to Addressing Pre-ROD 
and Post-ROD Changes (EPA, 199la). 
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2.4 Integrating Response Actions 

In general, actions in response to contaminated 
ground water should be planned and implemented 
as part of an overall strategy. Earlier actions (see 
Highlight 2 for examples) should be compatible 
with and not preclude implementation of later 
actions. For example, permanent facilities should 
not be constructed which could interfere with 
possible later actions (e.g., structures that would 
interfere with later construction of extraction wells 
or of a cap). 

2.4.1 Integrating Source ControJ and Ground
Water Actions. Restoration of contaminated 
ground water generally will not be possible unless 
contaminant sources have been conttolled in so~e 
manner. Source control is a critical component for 
active restoration remedies (e.g., extraction and 
treatment and in-situ methods) as well as for 
natural attenuation (defined in Section 2.6.5). 
Selection of appropriate source conttol actions 
should consider whether other contaminant 
sources (i.e., NAPLs) are likely to be present iri 
addition to contaminated soils. If NAPLs are 
present. the vast majority of contaminant mass 
wmlikely reside in the subsurface NAPLs rather 
than in the surficial soils. Therefore, for this case 
source control actions that are intended to 
minimize further contamination of ground water 
should focus on conttolling migration of 
contaminants from the subsurface NAPLs. Also, 
capping or treatment of surficial soils may be 
needed to prevent exposure to contaminants from 
direct soil contact or inhalation, but these actions 
alone would be ineffective in preventing further 
contamination of ground water at sites where 
NAPLs are present. 

2.4.2 Combining Ground-Water Restoration 
Methods. A remedy could include more than one 
method for restoring ground water to its beneficial 
uses, such as oombining extraction and treatment 
with natural attenuation or in-situ-treatment with 
extraction and treatment. Extraction and 
treatment is especially useful for providing 
hydraulic containment of those portions of the 



plume where contaminant sources are present 
(e.g., subsurface NAPLs or contaminated soils), or 
for containing or restoring those plume areas with 
relatively high concentrations of dissolved 
contamination ("hot spots"). However, extraction 
..,, j treatment may not be the best method for 
restoring large areas of the plume with low 
contaminant levels. 

Once source areas are controlled, natural 
attenuation may be able to restore large 
portions of the plume to desired cleanup levels 
in a timeframe that is reasonable (see Section 
Z.6.2) when compared with the timeframe and 
cost of other restoration methods. Thus,--
natural attenuation of some plume areas combined 
with extraction and treatment to contain source 
areas and/or plume "hot spots" may be the most 
appropriate restoration approach for many sites 
with relatively large, dilute plumes. Whether-er 
not naturai attenurttion is used alone or combined 
with other remediation methods, the Agency 
should have sufficient information to demonstrate 
that natural processes are capable of achieving the 
remediation objectives for the site. EPA is
currently preparing a,d.irective that will provide 
more detailed discussion of EPA policy regarding 
the use of natural attenuation for remediation of 
contaminated ground water (EPA, I 996c ). 

By combining in-situ treatment and extraction an<l 
treatment methods it may be possible to 
significantly increase the effectiveness with which 
contaminants are removed from the aquifer. In 
this guidance, in-situ treatment methodsfor 
ground water are divided into two types: 

• Methods that can be used to enhance 
contaminant recovery during extraction 
and treatment (e.g., water, steam or 
chemical flooding; hydraulic or pneumatic 
fracturing); and 

• Methods for in-situ degradation of 
contaminants generally involve adding 
agents to the subsurface (i.e., via wells or 
treatment walls) which facilitate chemical 
or biological destruction, and have the 
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potential to be used as an alternative to 
extraction and treatment for long-term -
restoration of ground water. 

Examples of both types offri~situ treatment 
methods are given in Appendix A3. Reinjection 
oftreate~ gr"·•nri water can be used as a method 
for enhancing .:u,, aminant recovery as well as a 
discharge method, if the reinjection is designed for 
this purpose as part of an extraction and treatment 
remedy. When considering enhanced recovery 
methods for sites with subsurface NAPLs, ---
potential risks of increasing the mobility of 
NAPLs should be evaluated. Methods of in-situ 
degradation of contaminants most frequently used 
at Superfund sites include air sparging, various 
types of in-situ biological treatment and 
permeaoie treatment walls or gates (EPA, 1995e). 
Additional information concerning air sparging 
and permeable treatment walls is available in 
EPA, 1995fand EPA, 1995d, respectively. EPA 
encourages the consideration, testing and use of 
in-situ technologies for ground-water remediation 
when appropriate -for the site. 

2.5 Strategy for DNAPL Sites 

Dense nonaqueous phase liquids (DNAPLs) pose 
special cleanup difficulties because they can sink 
to great depths in the subsurface, continue to 
release dissolved contaminants to the surrounding 

--ground water for very long time periods, and can 
be diff~eult to locate. Due to the complex narure 
of DNAPL contamination, a phased approach to 
characterization and response actions is especially 
important for sites where DNAPLs are confirmed 
or suspel:ted. A recent EPA study concluded that 
suosurface DNAPLs may be present at up to66 
percent ofCERCLA National Priorities List sites 
(EPA, 1993c). Refer to Appendix AI for 
additional background information on DNAPLs. 

Two I) ,Jes of subsurface contamination can be- · 
defined atUNAPL sites, the: 

• DNAPL zone, and the 

• - Aqueous contaminant plume. 



The DNAPL zone is that portion of the 
subsurface where iinmiscible liquids (free-phase 
or residual DNAPL) are present either above or 
below the water table. Also in the DNAPL zone, 
vapor phase DNAPL contaminants are present 
above the water table and dissolved phase below 
the water table. The aqueous contaminant 
plume is that portion of the contaminated ground 
water surrounding the DNAPL zone where 
aqueous contaminants derived from DNAPLs are 
dissolved in ground water (or sorbed to aquifer 
solids) and immiscible liquids are not present. 

2.5.1 Site Characterization. If DNAPLs are 
confirmed or suspected, the remedial investigation 
(RI) should be designed to delineate the: 

• Extent of aqueous contaminant plumes. 
and the 

• Potentiai extent of DNAPL zones. 

Methods and strategies for characterizing DNAPL 
sites as weU as suggested precautions are 
discussed in other guidance (EPA, 1992a and 
1994b) and by Cobemmd Mercer, 1993. The 
reason for delineating these areas ofthe site is that 
response objectives and actions should generally 
be different for the DNAPL zone than for the 
aqueous contaminant plume. lt is recognized that 
for some sites complete delineation of the 
DNAPL-zone may not be possible. 

2.5.2 Early Acdons. The early actions listed in 
Highlight 2 should be considered. Also. the 
following early actions are specifically 
recommended for DNAPL sites (EPA l992b, 
1993b): 

• Prevent further spread of the aqueous 
plwne (plume containment); 

• Prevent further spread of hot spots in the 
aqueous plume (hot spot containment); 
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• Control further migration of contaminants 
from subsurface DNAPLs to the 
surrounding ground water (source 
control); and 

• Reduce the quantity of source material 
(free-pbase DNAPL) present in the 
DNAPL zone, to the extent practicable 
(source removal and/or treatment). 

At DNAPL sites, hot spots in the aqueous plume 
often are associated with subsurface DNAPLs. 
Therefore, the second and third actions listed 
above are essentially the same. 

2.5.3 Long-Term Remedy. The long-term 
remedy should attain those objectives listed above 
for the DNAPL zone, by continuing early actions 
or by initiating additional actions. Although 
contaminated ground waters generally are not 
considered principal threat wastes, DNAPLs 
may be viewed as a principal threat because they 
are sources of toxic contaminants to ground water 
(EPA, l99lc). For this reason EPA expects to 
remove or treat DNAPLs to the extent practicable 
in accordance with the NCP expectation to "use 
treatment to address the principal threats posed by 
a site, wherever practicable" (Federal Register, 
1990a; §300.430 (a)(l )(iii)(A)). However, 
program experience has shown that removal of 
DNAPLs from the subsurface is often not 
practicable, and no treatment technologies are 
currently available which can attain ARAR or 
risk-based cleanup levels where subsurface 
DNAPLs are present. Therefore, EPA generaUy 
expects that the long-term remedy wiU control 
further migration of contaminants from 
subsurface DNAPLs to the surrounding 
ground water and reduce the quantity of 
DNAPL to the extent practicable. 

For the aqueous plume, the long-term remedy 
should: 

• Prevent further spread of the aqueous 
plume (plume containment); 



• Restore the maximum areal extent of the 
aquifer to those cleanup levels 
appropriate for its beneficial uses (aquifer 
restoration). 

In general, restoration of the aquifer to ARAR 
or risk-based cleanup levels in a reasonable 
timeframe will not be attainable in the DNAPL 
zone unless the DNAPLs are removed. For this 
reason, it is expected that ARAR waivers due to 
technical impracticability will be appropriate for 
many DNAPL sites, over portions of sites where 
non-recoverable DNAPLs are present (EPA. 
I 995c). Also, EPA generally prefers to utilize 
ARAR waivers rather than ARAR compliance 
boundaries for such portions of DNAPL sites (see 
Section 2.6.4). A waiver determination can be 
made after construction and operation of the 
remedy or at the time of remedy selection (i.e., in 
the ROD), whenever a sufficient technical 
justification can be demonstrated (EPA. 1993b; 
EPA 1995b). For further information refer to 
Section 2.6.3 of this guidance and EPA's 
Guidance for Evaluating the Technical 
Impracticability of Ground-Water Restoration 
(EPA, J993b). Rest.Qration of the aqueous plume 
may also be difficult due to hydrogeologic factors, 
such as sorption of dissolved contaminants to 
solids in finer grained strata. For some sites, 
ARAR waivers may also be appropriate for all or 
portions of the aqueous plume when supported by 
adequate justification. 

2.6 Areas of Flexibility in Cleanup Approach 

The current response approach to contaminated 
ground water, as defined in the NCP and other 
guidance, includes several areas of flexibility in 
which response objectives and the timeframe in 
which to meet them can be adjusted to meet site 
specific conditions. These are briefly discussed 
below. 

2.6.1 Beneficial Uses and ARARs. Since EPA 
generally expects to return contaminated ground 
waters to their beneficial uses wherever 
practicable, the required cleanup levels for a given 
site should be determined from applicable or 
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relevant and appropriate requirements (ARARs) 
based on the current and expected future 
beneficial uses of the ground water at that site. 
Depending on state requirements and water 
quantity or quality characteristics, some ground 
waters are not expected to provide a future source 
of drinking water (e.g., EPA Class lJl ground 
waters (EPA, 1986) or similar state designations). 
In general, drinking water standards are relevant 
and appropriate cleanup levels for ground waters 
that are a current or future source of drinking 
water, but are not relevant and appropriate for 
ground waters that are not expected to be a future 
source of drinking water (Federal Register, 1990a; 
Preamble at 8732). (Drinking water standards 
include federal maximum contaminant levels 
(MCLs) and/or non-zero maximum contaminant 
level goals (MCLGs) established under the Safe 
Drinking Water Act, or more stringent state 
drinking water standards.) Ground waters may 
have other beneficial uses, such as providing base 
flow to surface waters or recharging other 
aquifers. For contaminated ground waters that 
discharge to surface water, water quality criteria 
established under the Clean Water Act, or more 
stringent state surface water requirements, may 
also be cleanup level ARARs (Federal Register, 
I 990a; Preamble at 8754). Thus, the beneficial 
uses of contaminated ground water at a particular 
site will generally provide the basis for 
determining which federal or state environmental 
requirements are applicable or relevant and 
appropriate cleanup levels. For additional 
information on the determination of cleanup 
levels. refer to EPA, 1988b, Chapter 4. 

Determination of current and expected future 
beneficial uses should consider state ground-water 
classifications or similar designations. Several 
states have developed ground-water use or priority 
designations as part of a Comprehensive State 
Ground Water Protection Program (CSGWPP), 
defmed in EPA, I992h. EPA is currently 
developing a directive (EPA, l996a) which will 
recommend that EPA remediation programs 
should generally defer to state determinations of 
future ground-water use - even when this 
determination differs from the use that would 



otherwise have been determined by EPA-- when 
such determinations are: 

• Developed as part of an CSGWPP that is 
endorsed by EPA, and 

• Based on CSGWPP provisions that can 
be applied at specific sites (EPA, 1996a). 

This provision of the directive, when fmal, is 
intended to supersede previous guidance contained 
in the Preamble to the NCP (Federal Register, 
1990a; at 8733 ). Refer to EPA, 1996a for 
additional information concerning the role of 
CSGWPPs in the selection of ground-water 
remedies. When information concerning 
beneficial uses is not available from a CSGWPP, 
ground-water classifications defmed in EPA, 1986 
(i.e., EPA Classes I, II or III) or "more stringent" 
state ground-water classifications (or similar state 
designations) should generally be used to 
determine the potential future use, in accordance 
with the NCP Preamble (Federal Register, 1990a; 
at 8732-8733). Regardless of the ground-water 
use determination, remedies selected under 
CERCLA autboritymust protect human 
health and the environment and meet ARARs 
(or invoke an ARAR waiver). 

Many states have antidegradation or similar 
regulations or requirements that may be potential 
ARARs. Such requirements typically focus on I) 
prohibiting certain discharges, 2) maintaining 
ground-water quality consistent with its beneficial 
uses, or 3) main~ining naturally occurring 
(background) ground-water quality. Regulations 
of the third type do not involve determination of 
future ground-water use, and often result in 
cleanup levels that are more stringent than the 
drinking water standard for a particular chemical. 
Such requirements are potential ARARs if they 
are directive in nature and intent and established 
through a promulgated statute or regulation that is 
legally enforceable (see Federal Register, 1990a; 
Preamble at 8746). For further information 
concerning issues related to state ground-water 
antidegradation requirements, refer to EPA, 
l990a. 
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2.6.2 Remediation Timeframe. "Remediation 
timeframes will be developed based on the 
specific site conditions" (Federal Register, 1990a; 
Preamble at 8732). Even though restoration to 
beneficial uses generally is the ultimate objective, 
a relatively long time period to attain this 
objective may be appropriate for some sites. For 
example, an extended remediation timeframe 
generally is appropriate where contaminated 
ground waters are not expected to be used in the 
near term, and where alternative sources are 
available. In contrast,_ a more aggressive remedy 
with a correspondingly shorter remediation 
timeframe should generally be used for 
contaminated ground waters that are currently 
used as sources of drinking water or are expected 
to be utilized for this purpose in the near future 
(Federal Register, I990a; at 8732). A state's 
CSGWPP may include information helpful in 
determining whether an extended remediation 
timeframe is appropriate for a given site, such as 
the expected time frame of use, or the relative 
priority or value of ground-water resources in 
different geographic areas. 

A reasonable timeframe for restoring ground 
waters to beneficial uses depends on the particular 
circwnstances of the site and the restoration 
method employed. The most appropriate 
timeframe must be determined through an analysis 
of alternatives (Federal Register, 1990a; Preamble 
at 8732). The NCP also specifies that: 

"For ground-water response actions, the 
lead agency shall develop a limited 
number of remedial alternatives that 
attain site-specific remediation levels 
within different restoration time periods 
utilizing one or more different 
technologies." (Federal Register, 1990a; 
§300.430(e)(4).) 

Thus, a comparison of restoration alternatives 
from most aggressive to passive (i.e., natural 
attenuation) will provide information concerning 
the approximate range of time periods needed to 
attain ground-water cleanup levels. An 
excessively long restoration timeframe, even with 



the most aggressive restoration methods, may 
indicate that ground-water restoration is 
technically impracticable from an engineering 
perspective (see Section 2.6.3 ). Where restoration 
is feasible using both aggressive and passive 
rr.~ •i.ods, the longer restoration time frame 
required by a passive alternative may be 
reasonable in comparison with the timeframe 
needed for more aggressive restoration 
alternatives. The most appropriate remedial 
option should be determined based on the nine 
remedy selection factors defmed in the NCP 
(Federal Register, 1990a; §300.430 (e)(9}(iii)). 
Although restoration timeframe is an important 
consideration in evaluating whether restoration of 
ground water is technically impracticable, no 
single time period can be specified which would 
be considered excessively long for all site 
conditions (EPA, 1993b). For example, a 
restoration timeframe of I 00 years may be 
reasonable for some sites and excessively long for 
others. 

2.6.3 Technical Impracticability. Where 
restoration of ground water to its beneficial uses is 
not practicable fro~ engineering perspective, 
one or more ARARs may be waived by EPA (or 
the lead agency) under the provisions defined in 
CERCLA §121(d)(4)(C)). The types of data used 
to make such a determination are discussed in 
Guidance for Evaluating the Technical 
Impracticability of Ground- Water Restoration 
(EPA, 1993b). Alternative remedial strategies, to 
be considered when restoration ARARs are 
waived, are also discussed in EPA, 1993b. A 
fmding of technical impracticability may be made 
in the Record of Decision (ROD) prior to remedy 
implementation, or in a subsequent decision 
document after implementation and monitoring of 
remedy performance. 

2.6.4 Point of Compliance. The area over which 
ARAR or risk-based cleanup levels are to be 
attained is defined in the NCP as follows: 

"For ground water, remediation levels 
should generally be attained throughout 
the contaminated plume, or at and beyond 
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the edge of the waste management area 
when waste is left in place" (Federal 
Register, 1990a; Preamble at 8713 ). 

Thus, the edge of the waste management area can 
be considered as the point of compliance, because 
ARAR <'" ri~!·-b~sed cleanup levels are not 
expected to be au •. :ned in ground water within the 
waste management area. In general, the term 
"waste left in place" is used in the NCP to refer to 
landfill wastes that, at the completion of the 
remedy, will be contained or otherwise controlled 
within a waste management area. 

For the purposes of ARAR compliance, EPA 
generally does not consider DNAPLs as "waste 
left in place." DNAPLs are typically not located 
in a waste management area, as envisioned in the 
NCP. This is because the full extent of DNAPL 

.contamination is often not known, DNAPLs can 
continue to migrate in the subsurface, and 
measures for controlling their migration are either 
unavailable or have uncertain long-term reliability. 
Also, as discussed in Section 2.5.3, restoration of 
the aquifer to ARAR or risk-based cleanup levels 
generally will not be attainable in a reasonable 
timeframe unless the DNAPLs are removed. For 
these reasons, EPA generally prefers to utilize 
ARAR waivers rather than an alternate point 
of compliance over portions of sites where non
recoverable DNAPLs are present in the 
subsurface (EPA, 1995c). 

The NCP Preamble also acknowledges that "an 
alternative point of compliance may also be 
protective of public health and the environment 
under site-specific circumstances" (Federal 
Register, l990a; at 8753). For example, where 
the contamination plume is "caused by releases 
from several distinct sources that are in close 
geographical proximity ... the most feasible and 
effective cleanup strategy may be to address the 
problen. as a whole, rather than source by source, 
and to draw the point of compliance to encompass 
the sources of release" (Federal Register, 1990a; 
at 8753). The NCP Preamble goes on to say that 
" ... where there would be little likelihood of 
exposure due to the remoteness of the site, 



alternate points of compliance may be considered, 
provided contamination in the aquifer is controlled 
from further migration" (Federal Register, 1990a; 
at 8734 ). The Agency has not developed 
additional guidance on the use of alternate points 
of compliance at Superfund sites. 

2.6.5 Natural Attenuation. Natural attenuation 
is defmed in the NCP as "biodegradation, 
dispersion, dilution, and adsorption" of 
contaminants in ground water (Federal Register, 
1990a; Preamble at 8734). The NCP goes on to 
explain that natural attenuation may be a useful 
remedial approach if site-specific data indicate 
that these processes "will effectively reduce 
contaminants in the ground water to 
concentrations protective of human health [and the 
environment] in a timefrarne comparable to that 
which could be achieved through active 
restoration." This approach differs from the "no 
action" altemati;e because natural attenuation is 
expected to attain cleanup levels in a reasonable 
timeframe {discussed in Section 2.6.2). The NCP 
recommends u~ of natural attenuation where it is 
"expected to reduce the concentration of 
contaminants in the~und water to the 
remediation goals [ARAR or risk-based cleanup 
levels] in a reasonable time frame." 

Natural attenuation may be an appropriate 
remedial approach for portions of the contaminant 
plume when combined witb otber remedial 
measures needed to control sources and/or 
remediate ''hot spots" (also see Section 2.4.2). 
Whether or not natural attenuation is used alone or 
combined with other remediation methods, the 
Agency should have sufficient infonnaiion to 
demonstrate that natural processes are capable of 
achieving the remediation objectives for the site. 
One caution is that natural attenuation may not be 
appropriate for sites where contaminants 
biodegrade to intennediate compounds that are 
more toxic and degrade more slowly. 

Additional EPA policy considerations regarding 
the use of natural attenuation for remediation of 
contaminated ground water are provided in EPA, 
!996c. Although currently in draft, this EPA 

19 

directive recommends that remedies utilizing 
natural attenuation should generally include: I) 
detailed site characterization to show that $is 
approach will be effective; 2) source control 
measures to prevent further release of 
contaminants to ground water; 3) performance 
monitoring to assure that natural attenuation is 
occurring as expected; and 4) institutional 
controls and other methods to ensure that 
contaminated ground waters are not used before 
protective concentrations are reached. Also, 
contingency measures may be needed in the 
event that natural attenuation does not progress as 
expected. 

·2.6.6 Alternate Concentration Limits. 
Alternate concentration limits (ACLs) are 
intended to provide flexibility in establishing 
ground-water cleanup levels under certain 
circumstances. In the Superfund program, EPA 
may establish ACLs as cleanup levels in lieu of 
drinking water standards (e.g., MCLs) in certain 
cases where contaminated ground water 
discharges to surface water. The circumstances 
under which ACLs may be established at 
Superfund sites are specified in CERCLA 
§ 12l(d){2){B){ii), and can be summarized as 
follows: 

• 

• 

• 

The contaminated ground water must 
have "known or projected" points of entry 
to a surface water body; 

There must be no "statistically significant 
increases,. of contaminant concentrations 
in the surface water body at those points 
of entry, or at points downstream; and 

It must be possible to reliably prevent 
human exposure to the contaminated 
ground water through the use of 
institutional controls. 

Each of these criteria must be met and must be 
supported by site-specific infonnation. Such 
information also must be incorporated into the 
appropriate portions of the Administrative Record 
(e.g., the Rl/FS and ROD). 



The NCP Preamble also advises that ACLs not be 
used in every situation in which the above 
conditions are met, but only where active 
restoration of the ground water is "deemed not to 
be practicable" (Federal Register, 1990a; at 
8754 ). This caveat in the Preamble signals that 
EPA is committed to the program goal of 
restoring contaminated ground water to its 
beneficial uses, except in limited cases. In the 
context of determining whether ACLs could or 
should be used for a given site, the term 
"practicability" refers to an overall finding of the 
appropriateness of ground-water restoration, 
based on an analysis of remedial alternatives using 
the Superfund remedy selection criteria, especially 
the "balancing" and "modifying" criteria (EPA, 
1993b). (These criteria are _defined in part 
§300.430(e)(9)(iii) of the NCP (Federal Register, 
1990a.) This is distinct from a finding of 
"technical impracticability from an engineering 
perspective," whicb refers specifically to an 
ARAR waiver and is based on the narrower 
grounds of engineering feasibility and reliability 
with cost generally not a major factor, unJess 
ARAR compliance would be inordinately costly 
(see Section 2.6.3 and,EPA, 1993b). Where an 
ACL is established, such an ARAR waiver is not 
necessary. Conversely, where an ARAR is waived 
due to technical impracticability, there is no need 
to establish CERCLA ACLs, as defmed above. 
When establishing an ACL, a detailed site-specific 
justification should be provided in the 
Administrative Record which documents that the 
above three conditions for use of ACLs are met, 
and that restoration to ARAR or risk-based levels 
is "not practicable" as discussed above. 

Although alternate concentration limits are also 
defmed in the RCRA program, users of this 
guidance shouJd be aware of several important 
differences in the use of ACLs by the RCRA 
and Superfund programs. For "regulated units" 
(defmed in 40 CFR 264.90) ACLs are one of the 
three possible approaches for establishing 
concentrations limits of hazardous constituents in 
ground water. Those options are described in 40 
CFR 294.94(a). Factors considered when 
determining whether an ACL is appropriate for a 
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particular facility are provided in 40 CFR 
264.94(b). The use ofRCRA ACLs is not strictly 
limited to cases where contaminated ground water 
discharges to surface water, or to cases where 
ground-water restoration is considered "not 
practicable'' (as is the case in Superfund). 
However, the factors considered in the RCRA 
ACL decision are meant to ensure that 
establishment of ACLs will be protective of 
human health and the environment. 

A specific reference to ACLs is not made in the 
existing framework for implementing RCRA 
Corrective Action at "non-regulated units" 
I Federal Register, 1990b and 1996). However, 
the Corrective Action framework recommends 
flexibility for the development and use of risk
based cleanup standards, based on considerations 
similar to those used for establishing ACLs under 
40 CFR 264.94. 

3.0 PRESUMPTIVE TECHNOLOGIES 

3.1 Presumptive Technologies for Ex-Situ 
Treatment 

Presumptive technologies for the treatment 
portion of an extraction and treatment remedy (ex
situ treatment) are identified in Highlight 4. 
Descriptions of each of the presumptive 
technologies are presented in Appendices D 1 
through 08. These technologies are presumptive 
for treatment of contaminants dissolved in 
ground water that has been extracted from the 
subsurface, and are expected to be used for this 
purpose at "all appropriate sites." (Refer to the 
Preface of this guidance and EPA, 1993d for 
further information concerning the Agency's 
expectations concerning the use of presumptive 
treatment technologies.) 



Highlight 4. Presumptive Technologies 
For Treatment Of Extracted Ground 
Water 

For treatment of dissolved organic 
contaminants, volatiles, semivolatiles and 
others (see Note): 

• Air stripping 

• Granular activated carbon (GAC) 

• 

• 

Chemicai/UV oxidation (for cyanides 
also) 

Aerobic biological reactors 

For treatment of dissolved .!:IUdl!l: 

• 
• 
• 

Chemical precipitation 

lon exchange/adsorption 

Electrochemical methods (when 
only metals are present) 

• Aeration of background metals 

For treatment of both organic and 
inorganic constltuenta: 

• A combination of the technologies 
listed above 

NOTE: A given treatment train could include 
a combination of one or more of the 
presumptive technologies for treatment of 
dissolved contaminants as well as other 
technologies for other purposes (e.g., 
separation of solids) as indicated in 
Appendix C2. 

3.1.1 Design Styles within Presumptive 
Technologies. The presumptive technologies 
identified in Highlight 4 refer to technology types 
rather than specific designs (design styles). Each 
presumptive technology represents a single 
process falls within one of these technology types 
(e.g., innovative air stripper designs, or 
innovative media for ion exchange/adsorption of 
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metals). A listing of design styles of the 
presumptive technologies typically considered 
.during Superfund remedy selection are listed in 
Appendix C I. 

3.1.2 Benefits of Presumptive Technologies. 
Use of the presumptive technologies identified in 
this guidance will simplify and streamline the 
remedy selection process for the ex-situ treatment 
portion of a ground-water remedy by: 

• 

• 

• 

• 

Simplifying the overall selection process, 
since the large number and diverse 
assortment of these technologies have 
been reduced to relatively few technology 
types; 

Eliminating the need to perform the 
technology screening portion of the 
feasibility study (FS), beyond the analysis 
contained in this guidance and its 
associated Administrative Record. (See 
Section 3.3.2); 

Allowing, in some cases, further 
consideration and selection among the 
presumptive technologies to be deferred 
from the FS and ROD to the remedial 
design (RD), which prevents duplication 
of effort and allows selection tp be based 
on additional data collected during the RD 
(see Section 3.3.3);. 

Shifting the time and resources employed 
in remedy selection from ex-situ 
treatment to other, more fundamental 
aspects of the ground-water remedy (see 
Section 1.0); and 

• Facilitating the use of extraction and 
treatment for early actions, where 
appropriate, since selt:ction of the 
treatment component is simplified 

3.1.3 Consideration oflnnovative 
Technologies. Use of presumptive technologies 
for treatment of extracted ground water is 
intended to simplifY the remedy selection process, 



but does not preclude the consideration of 
innovative technologies for this purpose in the FS 
or RD. Refer to the EPA fact sheet, Presumptive 
Remedies: Policy and Procedures (EPA, 1993d), 
for additional information. Many innovative or 
emt.:.~ing technologies for ex-situ treatment are 
actually design variations of one ofthe 
presumptive technology types, as discussed above, 
and others may be considered on a site-specific 
basis. In addition, EPA encourages consideration 
of in-situ treatment technologies for ground-water 
remedies, either when combined with extraction 
and treatment or as an alternative to such methods 
(see Section 2.4.2). 

3.2 Basis for Presumptive Technologies 

3.2.1 Sources of Information. Three sources of 
information were used to determine which 
technologies should be identified as presumptive 
for ex-situ treatmebt of ground water: 

• Review of the technologies selected in all 
RODs signed from fiscal years 1982 
through 1992; 

• Review of capabilities and limitations of 
ex-situ treatment technologies from 
engineering and other technical literature; 
and 

• Detailed evaluation of the technologies 
considered in the FS and selected in the 
ROD or RD for a sample of 25 sites for 
which at least one ex-situ treatment 
technology was selected. 

The above information is summarized in a 
separate report entitled Ana~vsis of Remedy 
Selection Results for Ground-Water Treatment 
Technologies at CERCLA Sites (EPA, 1996b). A 
total of 427 RODs selected at least one ex-situ 
technology for treatment of ground water, as of 
September 30, 1992. From these RODs, a sample 
of25 sites were selected for detailed evaluation of 
the rationale used to select these technologies as 
part of the ground-water remedy. 
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3.2.2 Rationale for Indentifying Presumptive 
Technologies. At least one of the eight 
presumptive technologies, identified in Highlight 
4, was selected. as part of the ground-water remedy 
in 425 of 427 RODs, or 99.5 percent of the time. 
In only five RODs were technologies other than 
the presumptivP technologies selected as part of 
the treatment tr<~UL Therefore, presumptive 
technologies were the only technologies selected 
for ex-situ treatment of dissolved ground-water 
contaminants in 420 of the 427 RODs. 

More importantly, all the presumptive 
technologies are weU understood methods that 
have been used for many years in the 
treatment of drinking water and/or municipal 
or industrial wastewater. Engineering Bulletins 
or Technical Data Sheets have been developed by 
EPA and the Naval Energy and Environmental 
Support Activity, respectively, for five ofthe eight 
presumptive technologies. These publications 
generally include site specific performance 
examples, and are included as references, along 
with other publications, with the description of 
each technology in Appendix D. 

In the 25' site sample, the presumptive 
technologies, identified in Highlight 4, were the 
only technologies selected in the ROD for aU sites 
and the only technologies implemented in the RD 
for 24 sites. Other technologies were consistently 
eliminated from further consideration, usually in 
the technology screening step, based on technical 
limitations which were verified by the engineering 
literature. As part of this evaluation the large 
number and diverse assortment of technologies 
considered for ex-situ treatment of ground water 
were categorized according to the underlying 
treatment process. A complete listing of the 
technologies considered in the FS, ROD or RD for 
the 25 sites is given in Appendix C I, categorized 
by process type and with the presumptive 
technoloJies identified. 

Some technologies are identified as presumptive 
even though they were selected in relatively few 
RODs. Aeration of background metals was 
identified as presumptive because this technology 



is often used for removal of iron and manganese, 
and was considered and selected for this purpose 
at two ofthe 25 sample sites. Electrochemical 
methods for metals removal were also identified 
as presumptive because these methods were 
considered at all three sample sites where metals 
were the only contaminants of concern, and were 
selected at two of these sites. ChemicaVUV 
oxidation and aerobic biological reactors were 
identified as presumptive technologies for treating 
organic contaminants for the following technical 
reasons: 

• A range of chemical, physical and 
biological treatment methods should be 
included in the presumptive techm logies, 
because air stripping and granular 
activated carbon, alone or combined, may 
not provide cost effective treatment (see 
Section ~.4.5) for all organic 
contaminants. 

• These methods destroy organic 
contaminants as part of the treatment 
process instead of transferring them to 
other media;"'Which reduces the quantity 
of hazardous treatment residuals (e.g., 
spent carbon) that will require further 
treatment. 

• Ongoing research and development 
efforts, by EPA and others, are expected 
to increase the cost effectiveness of these 
treatment methods. 

3.3 Remedy Selection Using Presumptive 
Technologies 

Selection of technologies for long-term treatment 
of extracted ground water requires an 
understanding of the types of technologies that 
will be needed, how they will be used in the 
treatment system and site-specific information for 
determining the most appropriate and cost
effective technologies. The presumptive 
technologies for treating dissolved 
contaminants in extracted ground water, 
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identified in Highlight 4, are the technologies 
that should be retained for further 
consideration in the Detailed Analysis portion 
of the feasibility study (FS). This guidance and 
its associated Administrative Record will 
generally constitute the Development and 
Screening of Alternatives portion of the FS for the 
ex-situ treatment component of a ground-water 
remedy, as discussed in Section 3.3.2. 

Site information needed to select cost-effective 
treatment technologies (see Section 3 . .4) is often 
not coJiected until the remedial design (RD) phase. 
In such cases, it will generally be appropriate 
to specify performance requirements for tbe 
treatment system in the ROD, but defer 
selection of specific technologies until tbe RD, 
as discussed in Section 3.3.3. 

3.3.1 Use of Technologies in Treatment 
Systems. Complete treatment of extracted ground 
water generally requires that units of more than 
one technology, or multiple units of a single 
technology (unit processes), be linked together in 
a treatment train. A given treatment train could 
include some combination of treatment 
technologies for the following purposes: 

I. Separation of mineral solids and/or 
immiscible liquids from the extracted 
ground water during initial treatment 
(pretreatment); 

2. Treatment of dissolved contaminants; 

3. 

4. 

5. 

Treatment of vapor phase contaminants 
from the extracted ground water or those 
generated during treatment; 

Separation of solids generated during 
treatment; 

Final treatment of dissolved 
contaminants prior to discharge 
(polishing); and 



6. Treatment of solids generated during 
treatment. 

Presumptive technologies for treatment of 
dissolved contaminants in extracted ground 
water (No.2 and 5, above) are identified in 
Highlight 4. Examples of the types of 
technologies used for other purposes are given in 
Appendix C2, along with a listing of the general 
sequence of unit processes used in a treatment 
train. Solid residuals (such as sludges from 
chemical or biological processes, or spent carbon 
media) will generally require additional treatment 
or disposal, either as part of the treatment train or 
at a separate facility. Presumptive technologies 
for purposes other than for treatment of dissolved 
contaminants have not been identified in this 
guidance. 

Use of modular treatment components, which can 
be easily added or·removed from the treatment 
system, may facilitate phased implementation or 
other changes that may occur during the life of a 
remedy. Phased implementation of the extraction 
portion of a remedy may require that some 
components of the treatment system also be 
installed in stages. Also, modification of the 
treatment system over time may be needed in 
response to changes in the inflow rate or 
contaminant loadings, or to increase the 
effectiveness or efficiency of the treatment system. 

3.3.2 This Guidance Constitutes the FS 
Screening Step. This guidance and its associated 
Administrative Record will generally constitute 
the "development and screening of alternatives" 
portion of the feasibility study (FS), for the ex-situ 
treatment component of a ground-water remedy. 
When using presumptive technologies, the FS 
should contain a brief description of this approach 
(see fact sheet entitled Presumptive Remedies: 
Policy and Procedures (EPA, 1993d) ), and refer 
to this guidance and its associated Administrative 
Record. Such a brief description should fulfill the 
need for the development and screening of 
technologies portion of the FS for the ex-situ 
treatment component of the remedy. 
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3.3.3 Deferral of Final Technology Selection to 
RD. Although EPA prefers to collect the site 
information needed for technology selection prior 
to the ROD, it is sometimes impracticable to 
collect some of the necessary information until the 
remedial design (RD) phase. (See Section 3.4 for 
a summary of site information generally needed 
for selection of these technologies.) In reviewing 
remedy selection experience for a sample of sites, 
EPA found that at seven of25 sites (28 percent) 
the type of technology selected in the ROD for 
treatment of extracted ground water was later 
changed in the RD because of additional site 
information obtained during the design phase 
(EPA, l996b). Where EPA lacks important 
information at the ROD stage, it may be 
appropriate to defer final selection among the 
presumptive ex-situ treatment technologies (as 
well as selection of specific design styles) to the 
RD phase. 

In this approach, EPA would identi1)' and evaluate 
the technologies and provide an analysis of 
alternative technologies in the FS (this guidance 
and its associated administrative record will 
generally constitute that discussion). The 
proposed plan would identi1)' the technologies that 
may be fmally selected and speci1)' the timing of 
and criteria for the future technology selection in 
sufficient detail that the public can evaluate and 
comment on the proposal. The ROD would also 
identi1)' all ARARs and other performance 
specifications and information associated with 
discharge and treatmen-t of the extracted ground 
water, including the types of discharge, effluent 
requirements, and specifications developed in 
response to community preferences. Specifying 
the performance criteria and other requirements in 
the ROD (using a type of"performance based 
approach") ensures that the remedy will be 
protective and meet ARARs. Overall, the ROD 
should be drafted so that the final selection of 
technologies at the RD phase follows directly 
from the application of criteria and judgments 
included in the ROD to facts collected during the 
RD phase. If the ROD is drafted in this fashion, 
documenting the fmal technology selection can 
generally be accomplished by including a 



document in the post-ROD portion of the 
Administrative Record, which explains the basis 
of technology selection (e.g., Basis of Design 
Report, or memomndum to the RD file). 

Advantages of deferring selection of ex-situ 
treatment technologies to the RD include: 

• The remedy selection process is further 
streamlined, since fmal selection and the 
accompanying detailed analysis for these 
technologies is performed only in the RD 
not in both the FS and the RD. 
minimizing duplication of effort; 

• Site information collected during the RD 
can be used to make final technology 
selections as well as to design the 
treatment train, which facilitates selection 
of the most cost effective technologies 
(see Section 3.4.5); 

• The likelihood that changes in the 
treatment train will be made during the 
RD is explicitly recognized in the ROD; 

and --

• The time and resources employed in the 
FS can focus on other components of the 
ground-water remedy that have more 
direct influence on attainment of 
remedial objectives for contaminated 
ground water (see Section 1.0). 

Cost estimates for remedial alternatives, 
including the ex-situ treatment component, will 
need to be included in the FS regardless of 
whether or not technology selection is deferred to 
the RD. For cost estimating purposes when 
deferring technology selection to the RD, 
reasonable assumptions should be made 
concerning the treatment system, including 
assumptions concerning the presumptive 
technologies and likely design styles to be used. 
To assist in making such assumptions, advantages 
and limitations for the presumptive technologies 
are summarized in Appendix C4. Also, brief 
descriptions of the presumptive technologies and 
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references for additional information are provided 
in Appendix D. Assumptions used for estimating 
treatment costs should be consistent across all 
remedial alternatives. All assumptions should be 
clearly stated as such in the FS and ROD. 

Example ROD language for deferring technology 
selection to the RD is given in Appendix 83 for a 
hypothetical site. This language is only for the ex
situ treatment portion of an extraction and 
treatment remedy and should appear in the 
selected remedy portion of the ROD when 
following this approach. 

3.4 Information Needed for Selecting 
Technologies 

The site information listed in Highlight 5 is 
genemlly needed to determine the treatment 
components of a complete treatment tmin for 
extracted ground water and to select the most 
appropriate technology type and design style for 
each component. Further detail regarding site data 
needed and the purpose of this information is 
provided in Appendix C3. Much of this 
information is also needed for design of the 
extraction component of an extraction and 
treatment remedy. 

3.4.1 When Should this Information be 
Collected? The information listed in Highlight 5 
is needed for design of the treatment tmin. 
Therefore, it must be collected prior to or during 
the design phase, for either an early action or long
term remedy. Much of this information should 
also be available for selecting among the 
presumptive technologies, since it is genemlly 
needed to determine the technologies most 
appropriate for site conditions. The timing of 
information needed during remedy selection is 
different when deferring technology selection to 
the RD than when selecting te~.;hnologies in the 
ROD, as discussed in Section 3.3.3. However, 
much of this information can be collected along 
with.similar data gathered during the remedial 
investigation (RI). In general, it is recommended 
that as much of this information as possible be 
obtained prior to the RD in order to minimize the 



Highlight 5. Summary of Site Information 
Needed For Treatment Train Design 

• 
• 

Total extraction flow rate 

Discharge options and requirements 

• Target effluent concentrations 

Contaminants 

Degradation products 

Treatment additives 

Natural constituents 

• Other requirements 

Regulatory 

• Operational 

• Community concerns or 
preferences 

• Water quality of treatment influent 

• Contam.inant types and 
concentrations 

• Naturally occurring constituents 

• Other water quality parameters 

• Treatability information 

NOTE: Further detail is provided in Appendix 
CJ. 

need for additional site investigations during the 
RD and to accelerate the RD phase. 
much of this information can be collected along 
with similar data gathered during the remedial 
investigation ( Rl ). In general, it is recommended 
that as much of this information as possible be 
obtained prior to the RD in order to minimize the 
need for additional site investigations during the 
RD and to accelerate the RD phase. 
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3.4.2 Extraction Flow Rate. Inflow to the 
treatment system is the total flow from all 
extraction wells or drains. Estimates of total 
extraction flow rate often have a high degree of 
uncertainty (i.e., one or more orders of 
magnitude), depending on type of data and 
estimatirm !T1"thod used. Expected flow rates 
from extraction ,, lis are typically estimated from 
hydraulic properties of the aquifer. Aquifer 
hydraulic properties may have considerable 
natural variation over the site and accurate 
measurement of these properties is often difficult. 
In order to reduce uncertainty during design of the 
treatment system, aquifer properties used in 
estimating the inflow should generaUy be 
obtained from pumping-type aquifer tests and 
not from "slug tests," laboratory measurements on 
borehole samples or values estimated from the 
literature . 

Pumping-type aquifer tests provide. a much better 
estimate of average aquifer properties than other 
methods, because a much larger volume of aquifer 
is tested. For the same reason, ground water 
extracted during pumping tests is more 
representative of that which will enter the 
treatment system, and should generally be used for 
treatability studies of ex-situ treatment 
technologies instead of samples obtained from 
monitoring wells. Suggested procedures for 
conducting pumping-type aquifer tests are given 
in EPA, l993i. Methods for treatment of 
contaminated ground water extracted during 
pumping-type aquifer tests are discussed in 
Section 3.5. 

The likely variability in the total extraction rate 
during the life of the remedy should also be 
estimated. Variability in the extraction rate could 
result from addition or removal of extraction 
wells, short-term operational changes in the 
system (e.g., changing the pumping rates) or 
season ... l fluctuations in the water table. The 
number of extraction wells could change as a 
result of implementing the remedy in phases or 
from post-construction refmement of the remedy 
(see Section 2.3.1 ). 
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3.4.3 Discharge Options and ARARs. All 
options for discharge of ground water after 
extraction and treatment should be identified and 
considered in the FS. especially options that 
include re-use or recycling of the extracted ground 
water. Water quality requirements for the treated 
effluent (i.e., effluent ARARs) may be different 
for each discharge option. Examples of regulatory 
requirements include those promulgated under the 
federal Safe Drinking Water Act and Clean Water 
Act , which would apply to discharges to a 
drinking water system or to surface waters, 
respectively; and state requirements for these 
types of discharge. Effluent requirements could 
also include those for chemicals added during 
treatment. contaminant degradation products, and 
naturally occurring constituents (e.g., arsenic), in 
addition to those for contaminants of concern. In 
general, one or more types of discharge for 
extraction and treatment remedies should be 
selected in the ROD, not deferred to the RD. 
ARARs for the treated effluent wiJI determine the 
overall level of treatment needed, which in tum 
determines the type of components needed in the 
treatment train (see Section 3.3 .I ) and is a critical 
factor in selecting aJ'PfOpriate treatment 
technologies. 

In some cases it may be appropriate to select more 
than one type of discharge for the selected remedy. 
One type of discharge may be preferred, but may 
not be capable of accepting the entire flow of 
treated effluent. For example, it may be possible 
to re-use or recycle a portion but not all of the 
discharge. It may also be desirable to reinject a 
portion of the treated effluent for enhanced 
recovery of contaminants (aquifer flushing) but 
prohibitively costly to reinject the entire discharge. 

In addition to the types of discharge, ARARs 
and other specifications related to technology 
selection or operating performance or the 
treatment system should be specified in the 
ROD. Regulatory requirements for all waste 
streams from the treatment system should be 
specified. including those for the treated effluent; 
releases to the air; and those for handling, 
treatment and disposal of solid and liquid 
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treatment residuals. Other specifications could 
include those preferred by the affected community, 
such as requirements to capture and treat 
contaminant vapors (even though not required by 
ARARs) or limits on operating noise. Other 
specifications may also be needed to maintain 
continued operation of the system, such as water 
quality conditions necessary to minimize chemical 
and/or biological clogging of injection wells or 
drains. 

3.4.4 Water Quality of Treatment Influent. In 
order to design the treatment system, contaminant 
types and concentrations and other water quality 
parameters must be estimated for the total flow 
entering the system. Since some technologies are 
more effective than others in removing certain 
contaminant types, this is an important technology 
selection factor. Concentrations of naturally 
occurring constituents as well as background and 
site-related contaminants in the extracted ground 
water should also be measured, as discussed in 
Appendix CJ. 

3.4.5 Treatability Studies. Treatability studies 
involve testing one or more technologies in the 
laboratory or field to assess their perfonnance on 
the actual contaminated media to be treated from a 
specific site. These studies may be needed during 
the RIIFS to provide qualitative and/or 
quantitative information to aid in selection of the 
remedy, or during the RD to aid in design or 
implementation of the selected remedy. Three 
tiers of testing may be undertaken: l) laboratory 
screening, 2) bench-scale testing, or 3) pilot-scale 
testing. Treatability studies may begin with any 
tier and may skip tiers that are not needed (EPA, 
1989c). 

For treatment of extracted ground water, 
treatability studies are generally needed to 
accurately predict the effectiveness and total cost 
of a technology for a given site, including 
construction and operating costs; and the costs of 
other components that may be needed in the 
treatment train (see Section 3.3.1 ). Optimizing 
the cost effectiveness of the treatment train is 
especially important for systems designed to 



operate over a long time period. (In this guidance, 
optimizing the cost effectiveness of the treatment 
system is defmed as meeting all treatment and 
other performance requirements while minimizing 
total costs per unit volume of water treated.) 
Treatability studies may also indicate that some 
technologies provide cost effective treatment when 
all of the above factors are considered, even 
though these technologies were infrequently 
selected in past RODs (e.g., chemical/UV 
oxidation or aerobic biological reactors). For 
these reasons treatability studies will be helpful in 
selecting among the presumptive technologies. 
Similarly, a presumptive treatment technology 
should not be eliminated from further 
consideration in the FS or RD simply because a 
treatability study is required to determine its 
applicability for a given site. In general, some 
type of treatability study should be performed 
prior to or during the design of any system 
expected to provtde long-term treatment of 
extracted ground water, including systems using 
presumptive technologies. 

3.5 Treatment Technologies for Aquifer Tests 

Although pumping-type aquifer tests are the 
preferred method of determining average aquifer 
properties (see Section 3.4.2) and this information 
is useful for remedy selection, such testing is often 
deferred to the RD phase because of the need to 
determine how to treat and/or dispose of the 
extracted ground water. To facilitate use of such 
tests earlier in the site response, ex-situ treatment 
technologies most suitable for this application are 
discussed below. 

3.5.1 Treatment Needs during Aquifer Tests. 
In comparison to an extraction and treatment 
remedy, pumping-type aquifer tests (see Section 
3.4.2) generate relatively small flows of 
contaminated ground water over a short period of 
time. At the time of such tests, the estimated 
pumping rates and contaminant loadings generally 
have a high degree of uncertainty. Often the total 
volume of ground water extracted during testing is 
held in storage tanks or lined ponds to prevent the 
discharge from affecting water levels in 
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observation wells and interfering with the test. 
Storage of the extracted ground water also allows 
subsequent flow to a treatment system to be 
controlled and optimized. For example, if storage 
vessels are used for both the untreated and treated 
water, the extracted water can be routed through 
the treatment system as many times as necessary 
to meet discharge and/or disposal requirements. 
Therefore, the cost effectiveness of treatment 
technologies (see Section 3.4.5) is less important 
for aquifer testing than for the long-term remedy, 
because of the much smaller volume of ground 
water to be treated and the much shorter period of 
operation. 

3.5.2 Treatment Technologies for Aquifer 
Tests. Technologies for treating ground water 
extracted during aquifer tests should be able to 
treat a wide range of contaminant types, be 
available in off-the-shelf versions (short lead time 
for procurement), have a short on-site startup 
time, be relatively simple to operate, and be 
available in easily transportable units. Of the 
presumptive technologies identified above, the 
three most suitable for this application are: 

• Granular activated carbon, 

• Air stripping, and 

• Ion exchange/adsorption. 

Granular activated carbon can effectively remove 
most dissolved organic contaminants and low 
concentrations of some inorganic compounds. Ion 
exchange/adsorption can remove most metals. Air 
stripping may be applicable for volatile organic 
contaminants (VOCs) and generally is more cost 
effective than granular activated carbon for 
treating YOCs when flow rates are greater than 
about three gallons per minute (Long, 1993). 
Granular activated carbon may still be needed in 
conjunction with air stripping, for treating 
dissolved semivolatile organic contaminants, or 
for reaching stringent effluent requirements for 
YOCs. Granular activated carbon may also be 
needed for treatment of vapor phase contaminants 
separated by an air stripper. Also, treatability 



studies generally are not required for the above 
three technologies, especially for short-term 
applications. Additional infonnation regarding 
the availability and field installation of skid or 
trailer mounted treatment units (package plants) is 
available in EPA, 1995a. 

Other presumptive ex-situ treatment technologies 
(chemicaVUV oxidation, aerobic biological 
reactors, chemical precipitation, and 
electrochemical methods) generally are less 
suitable for aquifer testing purposes. In general, 
these other technologies require longer lead times 
for procurement and longer time on-site for 
startup; and have more complex operating 
requirements and higher capital costs. 
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Appendix A 1: Background on DNAPL Contamination 

DNAPL Background 

A nonaqueous phase liquid (NAPL) is a chemical that is a liquid in its pure fonn, which does not readily 
mix with water but does slowly dissolve in water. Dense NAPLs (DNAPLs) sink while light NAPLs 
(LNAPLs) float in water. When present in the subsurface NAPLs slowly release vapor and dissolved phase 
contaminants, resulting in a zone of contaminant vapors above the water table and a plume of dissolved 
contaminants below the water table. 1lte term NAPL refers to the undissolved liquid phase of a chemical or 
mixture of compounds and not to the vapor or dissolved phases. NAPLs may be present in the subsurface as 
either "free-phase" or as "residual-phase." 'The free-phase is that portion ofNAPL that can continue to 
migrate and which can flow into a well. The residual-phase is that portion trapped in pore spaces by capillary 
forces, which can not generally flow into a well or migrate as a separate liquid. Both residual and free-phase 
NAPLs are sources of vapors and dissolved contaminants. 

LNAPLs tend to pose less of a cleanup problem than DNAPLs. The most common LNAPLs are petroleum 
fuels, crude oils and related chemicals, which tend to be associated with facilities that refine, store or 
transport these liquids. Since LNAPLs tend to be shallower, are found at the water table and are associated 
with certain facilities, they are generally easier to locate and clean up from the subsurface than DNAPLs. 

DNAPLs pose much more difficult cleanup problems. These contaminants include chemical compounds and 
mixtures with a wide range of chemical properties, including chlorinated solvents, creosote, coal tars, PCBs, 
and some pesticides. Some DNAPLs, such as coal tars, are viscous chemical mixtures that move very slowly 
in the subsurface. Other DNAPLs, such as some chlorinated solvents, can travel very rapidly in the 
subsurface because they. are heavier and less viscous than water. A large DNAPL spiJJ not only sinks 
vertically downward under gravity, but can spread laterally with increasing depth as it encounters finer 
grained layers. These chemicals can also contaminate more than one aquifer by penetrating fractures in the 
geologic layer which separates a shallower from a deeper aquifer. Thus, large releases of DNAPLs can 
penetrate to great depths and can be very difficult to locate and clean up. 

The contamination problem at DNAPL sites has two different components, as shown in Figures Al-l and 
Al-2, the: 

• DNAPL zone, and the 
• Aqueous contaminant plume. 

The DNAPL zone is that portion of the subsurface where immiscible liquids (free-phase or residual DNAPL) 
are present either above or below the water table. Also in the DNAPL zone, vapor phase DNAPL 
contaminants are present above water table and dissolved phase below water table. The aqueous 
contaminant plume is that portion of the contaminated ground water surrounding the DNAPL zone where 
aqueous contaminants derived from DNAPLs are dissolved in ground water (or sorbed to aquifer solids) but 
immiscible liquids are not present. Depending on the volume of the release and subsurface geology, the 
DNAPL zone may extend to great depths and over large lateral distances from the entry location, as discussed 
above. 
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Appendix A2: Contaminants Most Frequently Reported in Ground Water at CERCLA NPL Sites 

(continued)1 

Inomanic Contaminants: 
No. 1 

Rank Inorganic Contaminants Sites 

-------------------------------
Lead 307 

2 Chromium and compounds 215 

3 Arsenic 147 

4 Cadmium 127 

5 Mercur-y4 81 

6 Copper and compounds 79 

7 Zinc and compounds 73 

8 Nickel and compounds 44 

9 Cyanides... (soluble salts) 39 

10 Barium 37 
--------------------------------
NOTES: 

J 

4 

cs 

pi 

Number of CER.CLA National Priorities List (NPL) sites for which the chemical was reported in &fOUnd water as 
a contaminant of concern in the Superfund Site Assessment. for either proposed or final NPL sites. This data was 
obtained fiom the Superfund NPL Assessment Program (SNAP) data base. as of August 30, 1994. At that time 
total of 1294 sites were listed on the NPL (64 proposed and 1230 final). 

Classification of organic contaminants as volatile, semi volatile, PCB, or pesticide; and as halogenated or 
nonhalogenated is fiom EPA Publication, 'Technology Screening Guide for Treatment ofCERCLA Soils and 
Sludges," EPA/54012-88/004, September 1988. 

Classification of whether or not a chemical is a dense nonaqueous phase liquid (DNAPL) in pure form is from 
Cohen and Mercer, 1993 (see References). 

In pure form mercury is also a DNAPL. 

These organic contaminants are chlorinated solvents. A total of 12 are li&ted. 

These organic contaminants are constituents of petroleum fuels. A total of four are listed. 
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Appendix A3: Examples of In-Situ Treatment Technologies1 

I. Enhanced Recovery Methods 

Recirculation/flooding: 

Water flooding 
(physical) 

Steam flooding 
(physical) 

Chemical floodingl 
(chemical) 

Nutrient floodingl 
(biol~ical) 

Thermal enhanced recovery: 

Radio frequency 

Electrical resistance 
(ACorDC) 

Enhancement of secondary permeability: 

Induced fracturing with water or 
or air pressure (physical) 

Other methods: 

Electromigration (electrical) 

NOTES: 

Treatment Agents 
(and process type) 

- Water 
- Heated water 

- Steam 

- Surfactants 
- Solvents 
- Redox agents 

- Nitrate 
- Other 

-Heat 

-Heat 

Not applicable 

- Electric current 

- Injcaiar '111!:1! 

- lnjedim -.::ill 
- In.ica- 111:2: 
- In.ica- 1II:Z 

Not~ 

List of technologies and technology status is from EPA, I993h (see References section of~ 

Chemicals or nutrients for micro-organisms, respectively, are added to reinjection water. 
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Appendix A3: Examples of In-Situ Treatment Technologies (continued)1 

II. In-situ Treatment Processes Treatment Agents Agent Delivery Methods 

Physical/chemical treatment: 

Volatilization and oxygen 
enhancement by air sparging 

Reductive dehalogenation by 
metal catalysts (abiotic) 

- Air 

- Iron filings 
- Other agents 

- Injection wells 
- Permeable wallslgatesl 

- Permeable wallslgatesl 

Biological treatment: 

NOTES: 

Oxygen enhancement of aerobic 
organisms (also includes air 
sparging, above) 

Nutrient enhancement of aerobic 
organisms 

Nutrient enhancement of anaerobic 
organisms to prQ<tuce enzymes that 
degrade contaminants (cometabolism) 

Sequential anaerobic-aerobic 
treatment 

- Hydrogen peroxide 
- Oxygen/surfactant 

(microbubbles) 

- Nitrate 
- Other 

- Methane 
- Other 

- Methane and/or 
Oxygen 

- Injection wells' 
- Injection wells' 

- Injection wells' 

- Injection wells 

- Injection weJis 

In permeable treatment walls/gates, treatment agents are added with trench backfill materials or are injected via 
perforated pipes placed in the backfill. These walls are placed in the subsurface across the natural flow path of 
the contaminant plume. They can be combined with impermeable flow barriers in a "funnel and gate" 
arrangement. in which flow is directed through the treatment walls/gates. 

Use of permeable treatment walls/gates to deliver treatment agents for these methods may also be feasible. 
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Appendix A4: Definition and Discussion of Pulsed Pumping 

Pulsed Pumping 

In pulsed pumping, some or all extraction pumps are turned off and then back on for specified periods of time 
(e.g., one or more monitoring periods). The on and off cycles can be continued or the extraction and 
treatment remedy can be returned to continuous pumping. Although not widely used in remedies to date, this 
method may be effective in enhancing the recovery of contaminants from the aquifer. Pulsed pumping 
can recover contaminants located in the following portions of the aquifer that are relatively unaffected during 
pumping: 

• Upper portions of the aquifer that have been dewatered by pumping, and 

• Zones with minimal ground-water flow during pumping (flow stagnation zones). 

Pulsed pumping may also enhance contaminant recovery for aqueous phase contaminants that are sorbed to 
the aquifer matrix. Therefore, pulsed pumping can be initiated as a post-coJWtruction refinement of an 
extraction a~d treatment remedy (see Section 2.4 ), when an evaluation of remedy perfonnance indicates that 
this technique may increase the recovery of contaminants from the aquifer. 

Pulsed pumping can also be used as a method of evaluating the effectiveness of an extraction and 
treatment remedy and/or the effectiveness of source control actions. For example, if contaminant levels 
increase substantially when pumping is stopped, it is an indication that contaminants continue to be derived 
from source materials, and that additional remedial measures (e.g., source controVremoval) may be necessary. 
These source materials could include aqueous contaminants sorbed to aquifer solids in finer-grained aquifer 
layers, NAPLs (refer to Appendix A I), contaminated soils, or other sources. 

Pulsed pumping should generally not be initiated until after sufficient monitoring data has been obtained 
from continuous pumping to establish a statistically v.did perfonnance trend. Also, the influence of pulsed 
pumping on plume containment should be considered; and extraction wells used primarily for containment 
(i.e, at plume leading edge) should generally not be ~:mlsed. 
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Appendix Bl: Phased Implementation of Ground-Water Remedy 

Site ConditioM: 

At hypothetical Site l (an LNAPL site) surficial soils and the underlying ground water in Aquifer Care 
contaminated with volatile organic compounds (VOCs). At this site, Aquifer Cis currently used as a source 
of drinking water, with several wells located on-site and in the estimated path of the contaminant plume. 

Early actions were used for exposure prevention and source control. Under Superfund removal authority, 
an alternate water supply was provided to several residences, and leaking drums and heavily contaminated 
soils were excavated and taken off-site for disposal. A soil vapor extraction system was installed as an 
interim remedial action. No further source control actions are planned. DNAPLs are not likely to be 
present in the subsurface because most of the contaminants are LNAPLs rather than DNAPLs in pure form. 
The selected ground-water remedy relies on extraction and treatment for preventing further migration of the 
contaminant plume and for restoration of Aquifer C. The selected remedy will be implemented in two 
construction phases. 

BOD Language for Extraction Comoonent of Bemedy: 

The following, or similar language, should appear in the Selected Remedy section of the ROD: 

The ultimate goal for the ground-water portion of this remedial action is to restore Aquifer C to 
its beneficial uses. At this site, Aquifer Cis currently used as a source of drinking water. Based 
on information obtained during the remedial investigation and on a careful analysis of all 
remedial alternatives, EPA and the State of_ believe that the selected remedy will achieve this 
goal. 

The ntTaction portWn of tiN ground-water renNdy will be implemented in two phases. In phase 
one, a sufficient number of extraction wells will be installed with the objective of minimizing 
further migratkln of tiN conlluninant plunN. It is currently estimated that two to four extraction 
wells will be required for phase one. 1 After construction of phase one is completed, the extraction 
system will be carefully monitored on a regular basis and its performance evaluated. Operation 
and monitoring of pluue one for a period of up to one year IIUIJ be ne.ud to proJ!Ule suj}ieient 
information to complete the design of pluue two. 

In phase two, additional extraction wells will be installed with the objectille of restoring Aquifer 
C for use as a source of drinlcing water, in addition to maintaining the remedial objectives for 
phase one. Restoration is defined as anainment of required cleanup levels in the aquifer, over the 
entire contaminant plume. Cleanup levels for each ground-water contaminant of concern are 
specified in Table_ of the ROD. Current estimates indicate that an additional two to four 
extraction wells may be required to attain these cleanup levels within a timeframe of 
approximately 20 years. 1 However, monitoring and ellaluation of tiN performance of phase one 
wUl be used to determine the actual number and pillcenNnt of wella for phase two. 
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Appendix Bl: Phased Implementation ofGroWld-Water Remedy (continued) 

The selected remedy will include ground-water extraction/or an estimated period of 20 years, 
during which the system's peiformance will be carefully monitored, in accordance with the 
monitoring plan defined in Section _ of the ROD, and adjusted as warranted by the 
peiformance data collected during operation. Re/UNnNnt of the extraction system may be 
required, if EPA determines that such measures will be necessary in order to restore Aquifer C in 
a reasonoble timeframe, or to significantly reduce the timeframe or long-term cost of attaining 
this objective. Refinement of the extraction system 11111y inelude any or all of the following: 

I) Adjusting the rate of extraction from some or all wells; 

2) Discontinuing pumping at individual wells where cleanup goals have been 
attained; 

3) Pulsed pumping of some or all extraction wells to eliminote flow stagnotion 
areas, allow sorbed contaminants to partition into ground water, or otherwise 
facilitate recovery of contaminants from the aquifer; and 

4) Installing up to two additional ground-water extraction wells to facilitate or 
accelerate cleanup of the contaminant plume.1 

It is possible that peiformance evaluations of the ground-water extraction system- after 
completion of phase one, during implementation or operation of phase two, or after subsequent 
refinement measures - will indicate that restoration of Aquifer C is technically impracticable 
from an engineering perspective. lfsueh G determintdion illllllde by EPA., tiN ultimGte 
rem«liotion gOIJI and/or tiN selected renNdy 111111 be ree-,aiiUIUd.1 

NOTES: 

1. Although not required in a ROD, the estimated nmnber of wells is included in this example for the 
following reasons, to: 

• Provide a basis for estimatiDg the cost of the selected remedy, including upper 
and lower costs for phase one, phase two and the potential refinement measures; 

• Provide some specificity regarding bow the extraction component of the 
remedy wiD be used in the overaU remediation strategy, because changes in the 
extraction system directly influence the time period required to attain the remedial 
objectives for this site; and to 

• Provide some bounds for the scope, performance and cost of the selected 
remedy, which will assist in determining whether future, post-ROD remedy 
modifications require an Explanation of Significant Differences (see Section 2.4 of 
this guidance). 

2. Reevaluation of the ultimate remediation goal and/or the selected remedy would generally require an 
ESD or ROD amendment. 
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Appendix B2: Phased Implementation of Extraction Component of Remedy at a DNAPL Site 

Site Conditions: 

At hypothetical Site 2 (a DNAPL site), ground water in Aquifer A is contaminated with volatile and 
semivolatile organic contaminants (no metals as contaminants of concern). DNAPLs have also been 
observed in this aquifer. At this site, Aquifer A is not currently used as source of drinking water, but several 
wells are located off-site in the estimated path of the contaminant plume. 

The selected remedy includes extraction and treatment for hydraulic containment of the likely DNAPL-zone 
(see Appendix A 1 of this guidance) and for restoration of the aquifer outside the DNAPL-zone. Reinjection 
of a portion of the treated ground water will be used to enhance recovery of contaminants from the aquifer. 
It has been determined that aquifer restoration within the DNAPL-zone is technically impracticable from an 
engineering perspective, as explained in the Statutory Detenninations section·of the ROD. The remedy 
wiD be implemented in two coMtruction phases. 

ROD Language for Extraction Comoonent of Remedy: 

The following, or similar language, should appear in the Selected Remedy section of the ROD: 

The ultimate goalfor the ground-water portion of this remedial action is to restore the maximum 
areal extent of Aquifer A to its beneficial uses. At this site Aquifer A is potentially useable as a 
source of drinking water and is currently used off-site for this purpose. Based on information 
obtained during the remedial investigation and on a careful analysis of all remedial alternatives, 
EPA believes that the selected remedy will achieve this goal. 

The extraction portiOn of the ground-water remedy will be implemented in two phases. In pluue 
one, a sufficient number of extraction wells will be installed to achieve two nm«lilll objectiJies 
for Aquifer A: I) minimizing further migration of contaminants from suspected subsurface 
DNAPLareas to the surrounding ground water; and 2) minimizing further migration of the 
leading edge of the contaminant plume. It is currently estimated that three to five extraction 
wells will be required for phase one. 1 After construction of phase one is completed, the 
extraction system will be carefully monitored on a regular basis and its performance evaluated. 
This evaluation may provide further information concerning the extent of the DNAPL-zone. 
Operation and IIUiniloring of pluue one for a period of up to two yean INJY be neethd to 
prollide suflieient infornuUion to complete the design of phose two. 

In pluue two, additional extraction wells will be installed with the objective of restoring the 
INJXimum areal extent of Aquifer A for use as a source of drinking water, in addition to 
maintaining phase one objectives. Reinjection wells and related pumping equipment for flushing 
a portion of the treated ground water through the aquifer (water flooding) will also be installed 
in order to enhance the recovery of contaminants. Restoration is defined as attainment of 
required cleanup levels in the aquifer, over the portion of the contaminant plume outside the 
DNAPL-zone. Cleanup levels for each ground-water contaminant of concern are specified in 
Table_; although cleanup level ARAR.s within the DNAPL-zone have been waived by EPA due 
technical impracticability from an engineering perspective, as discussed in Section _ of the 
ROD. Current estimates indicate that these cleanup levels can be attained in the portion of 
Aquifer A outside the DNAPL-zone within a tim.efram.e of approximately 25 years. 
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Appendix B2: Phased Implementation of Extraction Component of Remedy at a DNAPL Site 
(continued) 

Current estimates also indicate that an additional two to six extraction wells and two to four 
reinjection wells may be required for phase two. 1 However, monitoring and evaluation of the 
performance of phase one will be used to determine the actual number and placement of wells 
for phase two. 

The selected remedy will include ground-water extraction for an estimated period of 25 years, 
during which the system's performance will be carefully monitored, in accordance with the 
monitoring plan defined in Section _ of the ROD, and adjusted as warranted by the 
performance data collected during operation. Refinement of the extraction system may be 
required, if EPA determines that such measures will be necessary in order to restore the maximum 
areal extent of Aquifer A in a reasonable timeframe, or to significantly reduce the timeframe or 
long-term cost of attaining this objective. Refinement of the extraction system may include any 
or all of the following: 

I) Adjusting the rate of extraction from some or all wells; 

2) Discontinuing pumping at individual wells where cleanup goals have been 
attained; 

3) Pulsed pumping of some or all extraction wells to eliminate flow stagnation 
areas, allow sorbed contaminants to partition into ground water, or otherwise 
facilitate recovery of contaminants from the aquifer; 

4) -- Installing up to two additioiUll ground-water extraction wells to facilitate or 
accelerate cleanup of the contaminant plume; and1 

5) Installing up to two additional reinjection wells. 1 

It is possible that performance evaluations of the ground-water extraction system- after 
completion of phase one, during implementation or operation of phase two, or after subsequent 
refinement measures - will indicate that restoration of portions or all of Aquifer A is technically 
impracticable from an engineering perspective. If sueh a determination is nuu:le by EPA, the 
ultimate remedilltion goal and/or the selected remedy may be reevaluated. 2 

NOTES: 

1. The reasons for including the estimated number of wells in this example are discussed in the Notes 
section of the previous example, Appendix B2. 

2. Reevaluation of the ultimate remediation goal and/or the selected remedy would generally require an 
ESD or ROD amendment. 
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Appendix B3: Deferring Selection of Treatment Components to Remedial Design 

Site Conditions: 

Hypothetical Site lis the same site used in.the previous example, Appendix B2. Most of the treated 
ground water will be discharged to the nearby Muddy River, although a portion (20 to 30 percent) will be 
reinjected to Aquifer A to enhance contaminant recovery. Contaminant-specific and other water quality 
requirements for discharge to the Muddy River were specified by the state and are listed in Table _ of the 
ROD. Other specifications for the treatment system are also listed in the ROD, which include filtering of 
suspended mineral solids to minimize clogging of reinjection wells; and treatment of vapor phase organic 
contaminants from air stripping or other processes, as requested by the local community. 

ROD Language for Treatment Component of Remecly: 

Th~ ex-situ treatment compoMnt of the ground-water r~medy will utilize presumptive 
t~chnologies identified in Dir~ctive 9283.1-12 from EPA's Ojfic~ of Solid Waste and Emergency 
R~sponse (OSWER), included a& Attachment_ ofth~ ROD. Sine~ contaminants of concern 
includ~ volatile and s~mivolatil~ organic compounds, one or more of the presumptitle 
technologies - air stripping, granular activat~d carbon (GAC), chemicaVUV oxidation and 
a~robic biological r~actors- will b~ us~dfor tr~ating aqu~ous contaminants in th~ extract~d 
ground water. Other t~chnologi~s will also b~ ne~ded in the tr~atment system for removal of 
suspended mm~ral solids and tr~atment of vapor phase contaminants. The actiUJl technologies 
and sequence of technologies used for the treatment system wiU be detennined during remedial 
design. Final selection of these technologies will be based on additional site information to be 
coll~ct~d during the remedial d~sign. (See s~ction 3.4 and App~ndix C3 ofOSWER Directiv~ 
9283.1-12 for a discussion of sit~ information M~d~d for sel~ction and d~sign of th~ ~x-situ 
tr~atment systef7!:) Bas~d on this additional information and sound engineering practice the 
treatment system shall be designed to: 

• Attain tM chemical-specific discharge requirements and other p~rformance 
criteria sp~cified in Table_ and Section_ of the ROD; and 

• Treat, or be easily modified to tr~at, tit~ expected flow increas~from phase one 
to phase two of the extraction system. 

Other design factors shall include: 

• Maximizing long-term effectiveness, 

• Maximizing long-term reliability (i.e., minimize the likelihood of process upsets), 
and 

• Minimizing long-term operating costs. 

Additional information concerning presumptive technologies for the ex-situ treatment component 
of the remedy is provided in OSWER Directive 9283.1-12. Descriptions of each of the 
presumptive technologies are presented in Appendices Dl through DB, and advantages and 
limitations of each of these technologies are listed in Appendix C4 of this directive. 
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Appendix B3: Deferring Selection of Treatment Components to Remedial Design (continued) 

For the purpose of estimating the approximate cost of the treatment component of the selected 
remedy, the following treatment sequence is assumed for aqueous contaminants: flow 
equalization tanks, a gravity oil-water separator, an air stripper.followed by GAC units. GAC 
will also be used to treat vapor phase contaminants from the air stripper. The GAC units will be 
thermally reactivated at an off-site facility. Separated DNAPL compounds will be recycled if 
possible, but since the actual composition of the recovered liquids is unknown, costs for 
incineration at an off-site facility were used for the cost estimate. 
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Appendix B4: Suggested ROD Language from 1990 OSWER Directive 

Recommended language for the Selected Remedy section of the ROD was given in OSWER Directive 
9283.1-03, entitled "Suggested ROD Language for Various Ground-Water Remediation Options," dated 
October 1 0, I 990. For the RODs in which the final remedy without a contingency is selected, this Directive 
recommended that "the following type of language should appear in the Selected Remeclv section of the 
ROD:" 

The goal of this remedial action is to restore ground water to its beMficial use, which is, at this 
site, (specify whether this is a potential or actual drinking water source, or is used for non
domestic purposes). Based on information obtained during the remedial investigation and on a 
careful analysis of all remedial alternatives, EPA <(optional) and the State/Commonwealth of 
__ > believe that the selected remedy will achieve this goal. It may become apparent, during 
implementation or operation of the ground-water extraction system and its modifications, that 
contaminant levels have ceased to decline and are remaining constant at levels higher than the 
remediation goal over some portion of the contaminated plume. In such a case, the system 
performance standards and/or the remedy may be reevaluated. 

The selected remedy will include ground-water extraction for an estimated period of __ 
years, during which the system's performance will be carefully monitored on a regular basis and 
adjusted ai warranted by the performance data collected during operation. Modifications may 
include any or all of the following: 

a) at individual wells where cleanup goals have been attained, pumping may be 
discontinued; 

b) alternating pumping at wells to eliminate stagnation points; 

c) pulse pumping to allow aquifer equilibration and to allow adsorbed 
contaminants to partition into ground water; and 

d) installation of additional extraction wells to facilitate or accelerate cleanup of 
the contaminant plume. 

To ensure that cleanup goals continue to be maintained, the aquifer will be monitored at those 
wells where pumping has ceased on an occurrence of every __ years following 
discontinuation of ground-water extraction. 
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Appendix C4: Advantages and Limitations of Presumptive Treatment Technologies 

Technology Advantages Limitations 

Treatment Technologies for the Removal of Organic Contaminants 

Air Stripping 

Granular 
Activated 
Carbon 

-------

• Successfully used in hundreds of groundwater 
applications 
Low operating cost relative to other technologies 
(e.g., energy USIIIe is relatively low). 

• Operationally simple system requiring a minimum of 
operator assistance. 

• Treatability studies often not required for selection or 
design, but are recommended. 

• Trained contractors available to implement the 
technology. 

• Successfully used for contaminated ground water at 
many Superfund and underground storage tank sites. 

• Operationally simple system requiring a minimum of 
operator assisaanc:e. 

• Regularly used as a polisbioa step following ocher 
treatment tcchoologies. 
Treatability studies generally not required, but are 
recommended (information is available fn?m carbon 
vendors). 

• Trained contractors available to implement the 
technology. 

• Generally a cost-effective alternative as single- step 
treatment for flows less than about 3 gpm·• 

• Contaminants transferred to air, and treatment of air emissions may be required. 
• Pretreatment for metals removal and pH control may be needed to reduce fouling and 

corrosion. 
• Post-treatment (polishing) may be required. 
• Large surges in influent concentrations can reduce removal efficiency because the efficiency 

for an individual compound is fixed regardless of influent concentrations. 
• Air stripping is not as effective for compounds with low Henry's law constants or high 

solubilities .... 
• Cold weather can reduce efficiency. 

• Activated carbon is generally too costly for use as a single-step treatment if ground-water 
chemistry requires high carbon usage rates. 

• Contaminants arc not destroyed but are transferred to another media (i.e., spent carbon must 
be regenerated or disposed of properly). 

• Pretreatment for suspended solids removal is often required. 
• Precreatment for metals removal and pH control may be needed to reduce fouling and 

corrosion. 
• Organic compounds that have low molecular weight and high polarity are not recommended 

for activated carbon (e.g., acetone). 
• Naturally oc:curring organic compounds may exhaust carbon bed rapidly and may interfere 

with the adsorptim of tarzeted chemicals. 
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Appendix C4: Advantages and Limitations of Presumptive Treatment Technologies (continued) 

Technology Advantages 

ChemicaU UV • Where oxidation is complete, organic contaminants 
Oxidation are destroyed and not transferred to other media; 

minimal residuals generated. 

Aerobic 
Biological 
Reactors 

• Effective on a wide variety of volatile and 
semi volatile organics, including chlorinated 
organics, as well as cyanide and some metals. 

• Operating costs can be competitive with air stripping 
and activated carbon. 

• Organic contaminants degraded. often with minimal 
cross-media environmental impacts. 

• Proven effective for many organic compounds. 
• Some systems (e.g., trickling filterS and rotating 

biological contactors) have minimal energy 
requirements and generally low capital and operating 
costs. 

• Can be designed.to require a minimum of operator 
attention. 

• Relatively simple, readily available equipment. 
• Trained contractors available to implement the 

technology. 

Limitations 

• lncompl,ete oxidation will leave original contaminants and possibly toxic oxidation produch. 
activated carbon polishing may be required. 

• Capital costs may preclude small-scale applications, especially for ozone systems. 
• Metals may precipitate during oxidation, requiring filtration post-treatment and residuals 

disposal. 
• UV light sources are subject to fouling and scaling from solids, iron compounds. carbonates. 

etc. Pretreatment may be required to remove these substances. 
• Process must be closely monitored to ensure contaminant destruction and to prevent safety 

hazards. 
• Peroxide and other chemical oxidants must be properly stored and handled. 
• Site-specific treatability studies are necessary (process may require large quantities of oxiditcr 

to destroy target compound(s) if reactive nontarget compounds are present). 

• A residual organic sludge is generated that must be disposed of properly. 
• Some compounds are difficult or impossible to degrade (recalcitrant) or slow to degrade. 
• Difficulties acclimating microorganisms to contaminants are possible; requires longer stan up 

time than other technologies to achieve effective steady-state performance 
• Volatile organics may require air emission controls or pretreatment to remove them. 
• Variations in flow or concentration may require significant operator attention to prevent 

microorganisms from being killed. 
• Cold weather can cause operational difficulties. 

Treatability studies are needed for selection and design. 
• Pretreatment may be needed to remove contaminants toxic to the microorganisms. such as 

heavy metals. 
• Low organic loading and the potential for supplementary nutrients and food sources must he 

considered. 


